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FOR LIVING DONOR  
TRANSPLANTATION

EDITORIAL POLICY

Dear Colleagues,

Kindly be reminded of our Editorial Policy regarding Living Donation in 
transplantation. 

As per our acceptance criteria, donor must be a relative (up to the 4th degree) or 
spouse of the recipient and over 18 years old.  We would like to remind all of you that 
as per our Journal policy, we do not accept any papers that involve transplantation 
from living unrelated donors. 

In the recent period (from January 2019 to present), 662 manuscripts have been 
submitted to our Journal from various countries throughout the world. Out of these 
662 manuscripts, a decision has been made for 554 manuscripts and 377 (68%) of 
them were rejected. Of these 377 rejected manuscripts, 55 (14.6%) of them have 
been rejected as they involved transplantation from unrelated living donors. 

We hope that an increase in such policies will help to underline the importance of the 
legal and ethical aspects of transplantation. Please feel free to contact us regarding 
any comments as our aim is to contribute to the transplantation field in the world. 

Please keep safe and healthy during these times of Covid-19 pandemic.

Sincerely,



Stay at Home
Stay Healthy and Safe
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Apply online today at http://www.mesot-tx.org

MESOT welcomes professionals actively 
involved in all fields of transplantation.

The benefits of membership:

■ The opportunity to be part of a regional network of physicians, surgeons and 
scientists involved in transplantation

■ Free online access to the journal “Experimental and Clinical Transplantation”, 
the official journal of The Middle East Society for Organ Transplantation

■ Substantially reduced rates for subscription to print copies of “Experimental and 
Clinical Transplantation”

■ Entitlement to apply to take part in a fellowship program in one of several leading 
transplantation centers in the Middle East

■ Reduced registration fee at the biennial international congresses which provide 
an innovative and comprehensive overview of the latest research developments 
in the field transplantation

■ Free online access to the “Transplant Library”

■ MESOT newsletter updating members about the latest activities in the transplant 
community

■ Access to the online MESOT Member Directory

The Middle East Society 
for Organ Transplantation
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Official Journal of the Middle East Society for Organ Transplantation
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MESOT Fellowship Program 
in Organ Transplantation

The Middle East Society for Organ Transplantation is pleased to announce the establishment 
of  the MESOT Fellowship Program. The program, which will be 1-2 years in duration, has 
been created for physicians and surgeons from the Middle East region willing to acquire 
particular skills related to clinical and medical aspects of  organ transplantation. 

The objective of  this program is to promote and advance organ transplantation in 
underserved areas of  the region by helping physicians to establish new programs or 
improve already existing ones. In addition to liver, kidney, pancreas, heart and cornea 
transplant fellowships, training will be offered in various other departments to support 
the multidisciplinary nature of  transplantation, including gastroenterology, nephrology, 
cardiology, immunology, radiology, pathology, infectious diseases and intensive care. 

A limited number of  grants will also be available, with recipients being determined by the 
Fellowship Program Committee. 

Further information can be found online at http://www.mesot-tx.org/home/
fellowship.php, where candidates may also apply online. The application deadline is the 
30th of  June of  each year. 

Inquiries may be directed to the Chairman of  the MESOT Fellowship Program Committee: 

Mustafa Al-Mousawi, MD, FRCS
Chairman, MESOT Fellowship Program Committee 
P.O. Box 288, Safat 13003
Kuwait

Fax: +965 24848615
Email: drmosawi@yahoo.com
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Turkic World 
Transplantation Society (TDTD)

Founder Professor Mehmet Haberal,  

Founded in 1990.

Aims to promote and encourage research and education 
in the field of organ transplantation, to partake in national 
and international scientific activities and to ensure 
communication between organizations alike.
The primary goals of TOND are:
• To collaborate with other organizations alike in Turkey 

and to organize meetings, symposiums and conferences
• To inform and educate the public at large on organ 

transplantation by means of publications and conferences
• To organize programs which will promote organ donation 

and its importance in saving lives
• To ensure the training of qualified personnel in the field 

of organ transplantation and encourage research by means 
of funds

• To collaborate with existing international organizations 
alike to promote and encourage scientific research

• To work on ethical and legal aspects of organ 
transplantation and related fields and to encourage social 
and medical collaboration of organizations alike.

Founder Professor Mehmet Haberal,  

Founded in December 2014.

Aims to create an arena of communication and collaboration 
in the field of organ transplantation among the Turkic States 
of the world. Inclusive of Turkey, Azerbaijan, Kazakhstan, 
Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan, the 
society already has a total of 485 members from all member 
countries.
The primary goals of TDTD are:
• To promote and encourage education, research and 

cooperation in the field of organ transplantation 
for the purpose of advancing the art and science of 
transplantation, and to serve the patients of these states 
through the application of new knowledge and technical 
advances

• To create a scientific forum for the discussion of all 
problems related to the field of transplantation, including 
medical, social and legal aspects

• To collaborate with existing public and private 
organizations to promote and encourage research and 
clinical applications related to transplantation, and 
to participate and assist in the promotion of organ 
procurement and donation

• To encourage meetings, symposia and congresses to fulfill 
the above objectives

Turkish Transplantation Society 
(TOND)



•   The opportunity to be part of the leading global network of physicians, surgeons and basic scientists
involved in transplantation, representing more than 105 countries around the world

•   Free online access to the Transplantation journal and free educational material on the Society’s website

•   Access to our multimedia library with over 5000 presentations

•   Opportunities for Travel grants for Young Investigator Awards

•   Members from emerging economy nations are entitled to a 50% rebate on TTS dues which may be
combined with the TTS rebate for Section dues

... and much more
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We are proud to announce the establishment of the 
International Center for Transplant Ethics under the aegis  
of the World Academy of Medical, Biomedical and Ethical 
Sciences at Başkent University

 
 The center’s mission is:

· to provide leadership in ethical activities and policy

· to promote ethical activities in transplantation

· to introduce ethically sound procurement policies and practice in 
order to prevent exploitation of individuals as organ providers based 
on human dignity and human rights.

International 
Center for 
Transplant Ethics
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Diagnostic and 
Interventional Radiology in 
Liver & Kidney Transplantation 

Transplant medicine remains one of the most challenging and complex areas of modern medicine. 
Although important medical breakthroughs such as immunosuppressive drugs have allowed for more 
organ transplants and a longer survival rate, transplant professionals still face serious problems, especially 
with regard to achieving correct diagnosis and treating postoperative complications.

Advances in imaging techniques, including in computed tomography, magnetic resonance imaging, and 
ultrasonography, and the use of interventional radiology have allowed transplant professionals to provide 
more accurate results both for diagnosis and for treatment of complications that occur after liver and 
kidney transplant. Moreover, with the use of interventional radiology, transplant professionals can now 
reach deep structures of the body, enabling correct diagnoses and treatment without performing surgery.
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Abstract 
 
Objectives: Immunoglobulin A nephropathy is the 
most common primary glomerulonephritis in adults. 
Transplant can be complicated by immunoglobulin A 
nephropathy recurrence in up to 60% of allografts, 
sometimes causing graft loss. The use of alemtuzumab 
for induction therapy in the setting of steroid 
minimization for recipients with immunoglobulin A 
nephropathy is unclear. Here, we investigated patient 
and graft outcomes in patients with this condition who 
were induced with alemtuzumab and a steroid 
minimization protocol. 
Materials and Methods: We performed a retrospective 
analysis of a database containing 29 patients with 
immunoglobulin A nephropathy and 646 other 
recipients who underwent transplant and were 
induced with alemtuzumab and steroid minimization 
treatment between March 2006 and May 2015. A 
matched cohort generated using propensity scoring 
was also analyzed. 
Results: Recipients with immunoglobulin A nephro -
pathy were significantly younger at transplant (37.3 ± 
11.9 vs 55.6 ± 13.4 years; P < .001), less likely to be 
African American (6.9% vs 23.2%; P = .04), less likely to 
have diabetes mellitus (10.3% vs 39.8%; P < .001), and 
more likely to have private insurance (72.4% vs 45.9%; 
P = .007). There were no significant differences in graft 
and patient survival. Recipients with immunoglobulin 
A nephropathy experienced a higher rate of 1-year 
rejection (24.1% vs 21.4%; P = .043). Of the 29 patients 
with immunoglobulin A nephropathy, 8 experienced 
recurrence (27.6%; average time of 1120.5 ± 982.9 
days), with all 8 patients having allograft loss. Matched 

pair analyses did not yield significant differences in 
outcomes. 
Conclusions: Recurrence rate of immunoglobulin A 
nephropathy in those induced with alemtuzumab in 
the setting of steroid minimization is similar to 
previously reported rates. Although recipients with 
immunoglobulin A nephropathy had significantly 
higher 1-year rejection rate, no other differences in 
graft or patient survival were shown versus recipients 
without this condition. 
 
Key words: Allograft loss, End-stage renal disease, 
Glomerulonephritis, Kidney transplant  
 
Introduction 
 
Immunoglobulin A nephropathy (IgAN) is the most 
common primary glomerulonephritis in adults.1 

End-stage renal disease occurs in 50% of IgAN 
patients after 20 to 30 years.2 Kidney transplant is the 
treatment of choice and is associated with improved 
quality of life, better patient survival, and lower 
health care costs.3-5 Unfortunately, IgAN recurrence 
may result in chronic graft dysfunction and the 
subsequent need for retransplant. The recurrence rate 
of IgAN ranges from 13% to 50%, and graft loss 
occurs in up to 16%.6 The risk of recurrence is 
increased with living-related donation7 and is 
associated with younger recipient age.8 

Recurrence risk is reduced in the presence of long-
term steroid therapy.9 However, steroid withdrawal 
and steroid minimization, especially in the setting  
of induction immunosuppression, have recently 
become more popular among transplant practi -
tioners given the adverse effects of steroid therapy. 

Alemtuzumab is an induction agent utilized in 
the setting of steroid minimization. It is a humanized 
monoclonal antibody that targets the CD52 glyco -
protein and results in lymphocyte depletion.10 The 
use of alemtuzumab induction in the setting of 
steroid minimization for kidney transplant recipients 

Copyright © Başkent University 2020  
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with IgAN has not been well demonstrated. 
Therefore, we evaluated the long-term patient and 
graft outcomes of these individuals. 
 
Materials and Methods 
 
We performed an institutional review board-approved 
retrospective analysis of a database of 464 kidney 
transplant recipients who were induced with 
alemtuzumab at the University of Toledo Medical 
Center (Toledo, OH, USA) between March 2006 and 
May 2015. We only included recipients of deceased-
donor allografts to make outcomes more comparable. 
Data were reviewed using TransChart (TransChart 
LLC, Dublin, OH, USA) electronic medical record 
software. Donor information included age, ethnicity, 
presence of hypertension, presence of diabetes 
mellitus, and type of donor. Recipient information 
included sex, age, ethnicity, type of graft received, 
panel reactive antibody, and number of transplants. 

All recipients were negative cross-matches for both 
T and B cells. All cases of acute rejection and IgAN 
recurrence were biopsy-proven. Biopsies were only 
performed in the presence of allograft dysfunction. 

Patients were pretreated with 25 mg of diphen -
hydramine intravenously. At the time of the 
procedure, induction immunosuppression with 
intravenous methylprednisolone 500 mg (Solu-
Medrol, Pfizer, New York, NY, USA), oral myco -
phenolate sodium 540 mg (Myfortic, Novartis 
Pharmaceuticals, Basel, Switzerland or CellCept, 
Genentech, San Francisco, CA, USA), and intravenous 
alemtuzumab 30 mg was administered. Before 2011, 
we used alemtuzumab induction alone. After 2011, a 
steroid bolus and taper were added to the protocol. 

The postoperative steroid taper consisted of 
intravenous methylprednisolone 250 mg on post -
operative day 1, intravenous methylprednisolone  
125 mg on postoperative day 2, oral prednisone 60 mg 
on postoperative day 3, oral prednisone 40 mg on 
postoperative day 4, and oral prednisone 20 mg on 
postoperative day 5. Starting in 2015, patients at 
high-risk for rejection were continued indefinitely on 
oral prednisone (5-10 mg). 

On postoperative day 1, oral tacrolimus 1.5 mg 
(Prograf, Astellas Pharma, Tokyo, Japan) and oral 
mycophenolate sodium 540 mg twice per day were 
administered. Tacrolimus levels were measured and 
titrated to the correct dose. When side effects 
permitted, mycophenolate sodium was administered 

at 2/3 dose until the white blood cell counts returned 
to normal. 

Antimicrobial prophylaxis was started post -
operatively with 1 oral tablet of sulfamethoxazole  
(800 mg)-trimethoprim (160 mg) (Bactrim DS, AR 
Scientific, Philadelphia, PA, USA) 3 times per week 
and clotrimazole troche 10 mg dissolved in the 
mouth 4 times per day following oral care. Daily 
valganciclovir (Valcyte, Hoffman-La Roche, Basel, 
Switzerland) was prescribed for cytomegalovirus 
prophylaxis. 
 
Statistical analyses 
Continuous variables such as age, length of dialysis, 
cold ischemia time, and kidney donor profile index 
were presented in medians and were compared 
using t tests or the Mann-Whitney U test when 
appropriate. Categorical variables, including sex, 
ethnicity, education level, delayed graft function, and 
early rejection, were presented in terms of percentage 
of the total numbers within the group. These results 
were compared with the Pearson chi-square or Fisher 
exact test. Survival curves were generated using the life 
table method, with statistical comparisons computed 
with the log-rank method. Multivariate survival 
analysis was done using Cox regression analysis with 
multivariate factors selected from univariate results 
and with patient ethnicity included for comparison. 
Type I error level was set at .05. All statistical analyses 
were conducted using IBM SPSS version 23 (IBM 
Corp., Armonk, NY, USA). Additionally, a matched 
cohort analysis was generated using propensity 
scoring for the major statistically significant 
demographic differences using regression. 
 
Results 
 
Recipient and donor characteristics are shown in 
Table 1. Of the 675 total recipients, 29 (4.3%) received 
a transplant due to IgAN. These recipients were 
significantly younger at time of transplant (37.3 ± 11.9 
vs 55.6 ± 13.4 y; P < .001) and more likely to have 
private health insurance (72.4% vs 45.9%; P = .007). 
The IgAN group was less likely to be African 
American (6.9% vs 23.2%; P = .001) or to have 
diabetes mellitus (10.3% vs 39.8%; P = .001).  

Donors to IgAN recipients were significantly 
younger (29 ± 13.6 vs 41 ± 14.9 y; P = .025) and had 
lower terminal creatinine (0.8 ± 0.3 vs 1 ± 0.9 mg/dL; 
P = .049). These donors were less likely to be deceased 
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(44.8% vs 75.4%; P = .001), although living donors were 
excluded from our analysis. Matched pair analysis was 
completed but did not yield statistically significant 
differences in recipient or donor factors. Recipient and 
donor factors are listed in Table 2. 
 

Outcomes 
Transplant recipients with IgAN were more likely  
to experience rejection at 1 year (24.1% vs 21.4%;  
P = .043). No significant differences were noted for 
rejection at 3 years (28.4% vs 26.4%; P = .898) or at 5 
years (35.5% vs 29.1%; P = .734), for delayed graft 
function (6.9% vs 9.8%), or for death-censored graft 
survival at 1 year (100% vs 94.8%; P = .215), 3 years 
(91.1% vs 89.3%; P = .588), or 5 years (85.7% vs 84.8%; 
P = .778). One recipient with IgAN died at 104 
months posttransplant due to metastatic lung cancer 
at age 74.6 years. Cox proportional hazards model 
determined that IgAN status was not an independent 
predictor of rejection within 1 year (hazards ratio of 
1.26; 95% confidence interval, 0.571-2.777; P = .567). 
General outcomes are listed in Table 3. Matched pair 
analysis did not yield significant differences in 
outcomes. Matched pair outcomes are listed in  
Table 4. 
 

recurrence results 
Of the 29 recipients with IgAN, 8 (27.5%) experienced 
IgAN recurrence. These 8 individuals eventually lost 
their allografts after diagnosis of IgAN recurrence. 
The average time to recurrence was 1120.5 ± 982.9 
days. Recipient factors for those who experienced 
recurrence did not vary with any significance. Those 
who experienced recurrence were more likely to have 
female donors (87.5% vs 42.9%; P = .044), but donor-
recipient male-female mismatch was not significant 
(37.5% vs 23.8%; P = .646). Recurrence was associated 
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table 1. Recipient and Donor Demographics

table 2. Matched Pair Recipient and Donor Factors

IgAN Control P Value 

Recipient factors 
Total number 29 (9.6%) 272 (90.4%)  
Age at transplant, y 37.3 ± 11.9 44.5 ± 11.1 .468 
Male recipient 65.5% 60.7% .691 
African American 6.9% 15.1% .399 
Recipient diabetes mellitus 10.3% 20.7% .226 
Retransplant 20.7% 29.0% .394 
PRA > 20% 14.3% 20.2% .619 
Private health insurance 72.4% 53.4% .075 
BMI, kg/m2 30.7 ± 5.3 27.5 ± 5.4 .091 

Donor factors 

Donor age, y 29 ± 13.6 33.0 ± 13.7 .416 
Donor BMI, kg/m2 25.0 ± 5.2 26.2 ± 5.0 .956 
African American donor 6.9% 13.6% .396 
Donor-recipient  
   race/ethnicity mismatch 28.3% 27.6% .374 
Deceased donor 44.8% 61.0% .112 
Extended criteria donor 0.0% 3.6% .503 
Donor deceased after  
   cardiac death 7.7% 7.8% .986 
Donor hypertension 13.8% 9.3% .505 
Donor diabetes mellitus 0.0% 2.2% .416 
Cold ischemia time, h 12 ± 4.3 10.9 ± 7.3 .239 
KDPI 15 ± 12.7 26.0 ± 21.6 .345 
Terminal creatinine, mg/dL 0.8 ± 0.3 0.9 ± 0.4 .161 

Abbreviations: BMI, body mass index; IgAN, immunoglobulin A nephro -
pathy; KDPI, kidney donor profile index; PRA, panel reactive antibody 

Abbreviations: BMI, body mass index; IgAN, immunoglobulin A nephro -
pathy; KDPI, kidney donor profile index; PRA, panel reactive antibody 

IgAN Control P Value 

Recipient factors 
Total number 29 (4.3%) 646 (95.7%)  
Elderly 6.9% 18.6% .139 
Age at transplant, y 37.3 ± 11.9 55.6 ± 13.4 < .001 
Male recipient 65.5% 65.3% .822 
African American 6.9% 23.2% .04 
Recipient diabetes mellitus 10.3% 39.8% .001 
Retransplant 20.7% 27.1% .526 
PRA > 20% 14.3% 18.9% .804 
Private health insurance 72.4% 45.9% .007 
BMI, kg/m2 30.7 ± 5.3 28.3 ± 5.1 .206 

Donor factors 

Donor age, y 29 ± 13.6 41 ± 14.9 .025 
Donor BMI, kg/m2 25.0 ± 5.2 26.9 ± 5.1 .645 
African American donor 6.9% 11.1% .76 
Donor-recipient  
   race/ethnicity mismatch 17.2% 33.6% .071 
Deceased donor 44.8% 75.4% .001 
Extended criteria donor 0 12.1% .376 
Donor deceased after  
   cardiac death 7.7% 9.9% .796 
Donor hypertension 13.8% 20.6% .483 
Donor diabetes mellitus 0 6.1% .404 
Cold ischemia time, h 12 ± 4.3 12 ± 7.5 .437 
KDPI 15 ± 12.7 38 ± 27.9 .051 
Terminal creatinine, mg/dL 0.8 ± 0.3 1 ± 0.9 .049

table 3. Outcomes

IgAN Control P Value 

DGF 6.9% 9.8% .606 
1-Year rejection 24.1% 21.4% .043 
3-Year rejection 28.4% 26.4% .898 
5-Year rejection 35.5% 29.1% .734 
1-Year DCGS 100.0% 94.8% .215 
3-Year DCGS 91.1% 89.3% .588 
5-Year DCGS 85.7% 84.8% .778

table 4. Matched Pair Outcomes

IgAN Control P Value 

DGF 6.9% 6.4% .912 
1-Year Rejection 24.1% 21.4% .815 
3-Year Rejection 28.4% 27.6% .97 
5-Year Rejection 35.5% 30.6% .813 
1-Year DCGS 100.0% 96.3% .296 
3-Year DCGS 91.1% 90.8% .77 
5-Year DCGS 85.7% 87.1% .984 

Abbreviations: DCGS, death-censored graft survival; DGF, delayed graft 
function; IgAN, immunoglobulin A nephropathy 

Abbreviations: DCGS, death-censored graft survival; DGF, delayed graft 
function; IgAN, immunoglobulin A nephropathy 



with significantly lower donor terminal creatinine 
(0.65 ± 0.13 vs 0.93 ± 0.30 mg/dL; P = .01). Three 
patients experienced both graft rejection and IgAN 
recurrence. These incidences recurred at a signi -
ficantly earlier time versus recipients with IgAN  
(775 ± 532.5 vs 1774 ± 1033.6 days; P = .017). 
Recurrence demographics are listed in Table 5. 
 

rejection results 
The rate of graft loss due to rejection did not differ 
significantly between IgAN and controls. However, 
IgAN recipients were more likely to experience all-
cause graft loss (P = .043). Rejection outcomes are 
listed in Table 6. The IgAN group had significantly 
more eosinophils on biopsy than the control group 
(22.2% vs 5.6%; P < .05). Other cell types did not vary 
with any significance. There were no significant 
differences in the type of rejection (acute cellular vs 
antibody-mediated) or in Banff score between the 
IgAN and control groups (P = .298 and P = .285, 
respectively). Regarding those who experienced 
recurrence, there were no significant differences in 
cell type (P = .308), type of rejection (P = .464), or 
Banff score (P = .624) compared with those who did 
not experience recurrence.  

Discussion 
 
Immunoglobulin A nephropathy is the most 
common cause of glomerulonephritis worldwide. 
Kidney transplant is associated with superior 
outcomes compared with chronic dialysis. However, 
the recurrence of IgAN in renal allograft recipients 
remains a substantial complication, frequently 
leading to graft failure and return to wait list. 

In the setting of alemtuzumab induction and 
steroid minimization, we demonstrated no significant 
differences in death-censored graft survival between 
recipients with IgAN and the control group at 1, 3, 
and 5 years. Our initial analysis demonstrated an 
elevated rate of rejection at 1 year in the IgAN group. 
However, our matched cohort analysis did not yield 
statistically significant differences in either death-
censored graft survival or rejection between patients 
with a kidney transplant due to IgAN matched 
against patients who underwent kidney transplant 
for other reasons. 

Similarly, Choy and associates and Kim and 
associates both reported that long-term graft survival 
rates in IgAN patients do not differ significantly from 
graft survival in recipients with renal diseases from 
other causes.7,11 However, it has been postulated that 
IgAN graft survival diminishes beyond 10 years 
compared with other patients, although long-term 
studies are needed.8 

Regarding recurrence, our rate was 27.5%. In a 
recent review, Wyld and associates reported rates 
ranging from 8% to 53%.12 Others have suggested 
that younger age, rapid progression of the innate 
disease, degree of proteinuria, and various donor 
factors are associated with increased recurrence 
rates.13-15 Demographically, there were no clinically 
significant differences between recipients with IgAN 
who experienced recurrence and those who did not. 
Recipients who experienced recurrence were more 
likely to have a female donor. This finding is 
somewhat surprising given that it has been 
demonstrated that having a female donor is associated 
with improved graft survival.16 However, given the 
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table 5. Recurrence Demographics

Patients With Control P Value 
IgAN Recurrence 

Recipient factors 
Total number 8 21  
Days to recurrence 1120.5 ± 982.9 2117 ± 948.9 .024 
Elderly 50% 50% .462 
Age at transplant, y 37.3 ± 13.4 37.1 ± 11.4 .905 
Male recipient 50% 71.4% .39 
African American 0 9.5% .366 
Recipient diabetes mellitus 12.5% 9.5% .814 
Retransplant 25% 19% .724 
PRA > 20% 0 20% .295 
Private health insurance 50% 81% .164 
BMI, kg/m2 29.2 ± 7.0 28.3 ± 5.4 .615 

Donor factors 

Donor age, y 32 ± 11.9 33 ± 14.8 .457 
Donor BMI, kg/m2 28.0 ± 3.5 25.7 ± 6.9 .64 
Female donor 87.5% 42.9% .044 
Female donor + male recipient 37.5% 23.8% .646 
Black donor 0 9.5% .366 
Donor-recipient  
   race/ethnicity mismatch 0 23.8% .283 
Deceased donor 25% 52.4% .238 
Extended criteria donor 0 0  
Donor deceased after  
cardiac death 50% 0 .154 
Donor hypertension 0 19% .552 
Donor diabetes mellitus 0 0  
Cold ischemia time, h 5 ± 0.6 8.5 ± 6.5 .442 
KDPI 12.5 ± 2.1 21 ± 22.8 .41 
Terminal creatinine, mg/dL 0.65 ± 0.13 0.93 ± 30 .01

Abbreviations: BMI, body mass index; IgAN, immunoglobulin A 
nephropathy; KDPI, kidney donor profile index; PRA, panel reactive antibody 

table 6. Rejection Results

Cell Type Control IgAN P Value 

Neutrophils 11% 0% > .05 
Eosinophils 5.6% 22.2% < .05 
Plasma cells 13.6% 10% > .05 
Monocytes 25.9% 56% > .05 
Lymphocytes 31.5% 11% > .05 

Abbreviations: IgAN, immunoglobulin A nephropathy 



small number of recipients who experienced 
recurrence, the statistical power of this finding was 
likely low.  

It is important to note that our recurrence rate 
could be falsely low given that we performed no 
screening biopsies for recurrence. We performed 
biopsies only in the presence of graft dysfunction, 
which was defined as elevated creatinine and 
proteinuria. However, Odum and associates 
demonstrated that more than one-half of their 
patients who experienced biopsy-proven recurrence 
had stable renal function and almost 20% had 
negative urinalysis results.17 Furthermore, Ortiz and 
associates found clinical signs such as hematuria 
were absent in 64% of patients with biopsy-proven 
disease recurrence.18 Given that all of our  
patients who experienced recurrence ultimately lost 
their graft, it is reasonable to conclude that our 
current biopsy protocol needs to be adjusted to 
identify recurrence at an earlier stage and to better 
manage it. 

Although our recurrence rate was relatively 
similar to previously reported rates in the literature, 
few studies have reported on outcomes in individuals 
with IgAN who undergo kidney transplant with 
alemtuzumab induction therapy. Pascual and 
associates demonstrated that alemtuzumab was not 
associated with an increased rate of recurrence of 
glomerular disease compared with interleukin 2 
receptor antagonists or antithymocyte globulin.19 
Furthermore, immunodepletion is potentially 
protective and associated with reduced recurrence in 
IgAN patients, although the mechanism is still 
unknown.20 

There has been controversy regarding the role of 
steroid minimization protocols in the treatment of 
kidney transplant recipients with IgAN. Traditionally, 
steroids have been the preferred treatment for patients 
with IgAN and an important part of the immuno -
suppressive protocol after kidney transplant. 
Recently, steroid-free and steroid minimization 
protocols were developed to avoid many of the 
adverse effects of long-term steroid use. However, 
steroid minimization protocols are associated  
with increased rates of recurrence in IgAN transplant 
recipients.8,21 For example, Kukla and associates21 
observed a recurrence rate of 22% in their  
early steroid withdrawal group compared with  
5.2% in their steroid continuation group (P = .02). 
Similarly, Von Visger and associates demonstrated  

a signi ficantly higher risk of recurrence with  
steroid withdrawal protocols (hazards ratio of 8.59; 
95% confidence interval, 3.03-24.38; P < .001).22 In a 
large, retrospective review of the UNOS/OPTN 
database, Leeaphorn and associates showed  
that steroid continuation was associated with a 
significantly lower rate of graft loss due to 
recurrence.23 

Given that our center only utilized a steroid 
minimization protocol, we were unable to compare 
our recurrence rate to that of a steroid continuation 
group within the same patient population. However, 
the recurrence rate in our steroid minimization 
population is similar to that demonstrated by Kukla 
and associates.21 Thus, our data suggest that 
alemtuzumab induction in the setting of steroid 
minimization has little effect on recurrence rates 
compared with other induction immunosuppression 
agents.  

It is important to mention that, in 2016, after 
analyzing our outcome data and noting a greater 
than 20% rejection rate, we have since altered our 
protocol to include maintenance steroids for our 
IgAN patients, African American patients, and other 
high-risk groups.  

The strengths of our present analysis include a 
relatively long follow-up period and a consistent 
immunosuppressive protocol. Weaknesses include a 
small sample size of patients with IgAN, a lack of 
comparison to other induction immunosuppression 
drugs, and a lack of comparison between a steroid 
minimization and a steroid continuation group. 
However, the literature on IgAN is partly based on 
single-center studies. 
 
Conclusions 
 
Steroid minimization in kidney transplant recipients 
with IgAN remains controversial. We have demon -
strated that, in the setting of steroid minimization 
and alemtuzumab induction, graft outcomes in IgAN 
recipients are similar to those in recipients without 
IgAN. Furthermore, our recurrence rate was 
comparable to previous rates reported in the 
literature for steroid minimization protocols. 
However, our recurrence rate was elevated 
compared with other studies that utilized steroid 
continuation protocols. At this time, we recommend 
maintenance steroid therapy with the use of 
alemtuzumab for patients with IgAN. 
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Abstract 
 
Objectives: Toll-like receptors are a crucial part of the 
innate immune system and have a pivotal role in the 
acquired immunity system. Studies have shown that 
Toll-like receptors 2 and 4 are important during the 
transplant process. Therefore, we analyzed the gene 
expression of Toll-like receptors 2 and 4 in cases  
of renal transplant rejection. We measured the 
messenger RNA expression levels of Toll-like receptors 
2 and 4 in renal transplant rejection recipients 
compared with nonrejection recipients. 
Materials and Methods: We enrolled 151 deceased-
donor kidney transplant recipients, whom we divided 
into 2 groups: 101 nonrejection recipients and 50 
recipients with acute allograft rejection. We collected 3 
mL of blood (treated with ethylenediaminetetraacetic 
acid) from each patient. Ribonucleic acid extraction and 
complementary DNA synthesis were conducted for all 
samples, and the constructed complementary DNAs 
were used for real-time polymerase chain reaction 
analysis. 
Results: We measured gene expression levels of Toll-
like receptors 2 and 4 in renal transplant recipients 
with acute allograft rejection and in recipients who did 
not experience acute renal allograft rejection, and the 
results showed that messenger RNA expression levels 
for both Toll-like receptors 2 and 4 were significantly 
increased in the acute rejection group compared with 
the nonrejection group. 
Conclusions: Toll-like receptors 4 and 2 could increase 
the risk of acute rejection after renal transplant and 
could be defined as a risk factor for rejection. Further 
studies are recommended. 
  

Key words: Acquired immunity system, Acute allograft 
rejection, Innate immune system 
 
Introduction 
 
Kidney transplant is the current standard treatment 
for most patients with end-stage renal disease; 
unfortunately, adaptive and innate immune responses 
to graft alloantigens are the highest threats to graft 
survival.1,2 Acute graft rejection is a phenomenon once 
thought to be initiated by the adaptive immune 
system, but further studies revealed that the innate 
immune system is critical in initiating acute 
inflammatory responses during organ transplant.3 

Acute rejection of kidney allograft is still the cause 
of 10% to 20% of renal transplant rejections in 
patients with kidney grafts, which can be a threat  
for graft survival. The innate immune system  
could initiate the rejection after transplant,  
and Toll-like receptors (TLRs), as members of innate 
immune system, may have a major role in the 
rejection.4,5 

Toll-like receptors are expressed in several types 
of immune cells, at various levels.6,7 Toll-like 
receptors are conserved molecules that can cause 
induction of innate immune responses, which may 
lead to antigen-specific adaptive immunity.8 At 
present, 13 types of human TLRs have been detected; 
among them, TLR2 and TLR4 are well known for 
being activated during several events, including the 
transplant process.9 

Toll-like receptor-mediated signals are known to 
play a crucial role in various organs with regard to 
the many facets of transplantation biology, including 
rejection and tolerance, ischemia-reperfusion injury, 
and infections after transplant.10 Toll-like receptors 
are expressed in a wide range of kidney cells (14 types) 
and can induce innate immune function by detecting 
motifs of endogenous and exogenous molecules 
during cellular injuries.11 The TLR stimulation by 
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exogenous and endogenous ligands induces the 
release of inflammatory cytokines and chemokines, 
which is a phenomenon associated with allograft 
rejection.3 

The messenger RNA (mRNA) of TLR2 in the 
murine kidney is often expressed in the renal tubular 
and Bowman capsule epithelial cells.8 Toll-like 
receptor 2 is a transmembrane protein, the activation 
of which starts a signaling pathway composed of 
adaptor proteins such as myeloid differentiation 
primary response gene 88 (MyD88) and MyD88 
adapter-like (Mal; also known as TIRAP) and finally 
culminates in the induction of proinflammatory 
cytokines.12 

Toll-like receptor 4 is one of the first molecules 
that, once activated, leads to quick production of 
cytokines and interferes in inflammation during 
cellular damage.13,14 This molecule is strongly 
expressed in leukocytes and also in organs such as 
the kidney.15,16 Furthermore, the role of TLR4 has 
previously been recognized in ischemia-reperfusion 
injury, kidney repair, renal injury progression, and 
renal fibrosis.17,18 Toll-like receptors such as TLR2 
and TLR4 are critical factors of innate immunity, 
which start rejection processes and could be 
important to increase long-term survival after 
transplant.19,20 In this study, we evaluated the mRNA 
expression levels of TLR2 and TLR4 in recipients 
with acute renal allograft rejection versus 
nonrejection recipients. 
 
Materials and Methods 
 
Patients 
The present study was performed from 2012 to 2014 
for patients admitted to the kidney transplant ward 
of Namazi Hospital, Shiraz, Iran. We collected 3 mL 
of blood (treated with ethylenediaminetetraacetic 
acid [EDTA]) from 151 kidney transplant recipients. 
The patients were enrolled in the study according to 
the following inclusion criteria: the recipients had 
received a kidney transplant just 1 time from a 
deceased donor, and the recipients were treated with 
specific immunosuppressive drug regimens. These 
specific immunosuppressive drugs were calcineurin 
inhibitors and were administered to all patients  
in each study group. The exclusion criteria were 
retransplant or combined transplant. Also, the 
samples of transplant recipients who were deceased 
before completing the sample collection were 

excluded. Moreover, transplant recipients with viral 
infections such as cytomegalovirus and polyoma BK 
virus were excluded from the project.  

The remaining transplant recipients (151) were 
divided into 2 groups. The first group, without acute 
rejection (non-AR), consisted of 101 patients who had 
not experienced any episodes of AR during the  
study period; the second group was composed of  
50 patients who had experienced AR during the  
first week after transplant. Expert pathologists, 
according to Banff criteria, certified the AR state  
of the second group after analysis of the patients’ 
kidney biopsies.21 The present study was conducted 
according to the Declaration of Helsinki and was 
approved by the Ethics Committee of Shiraz 
University of Medical Sciences, and the patients were 
informed and signed the consent form before 
participating in this study. According to the rules of 
the transplantation ward of Namazi Hospital, all 
transplant recipients received organs from deceased 
donors. Human leukocyte antigen typing and ABO 
blood compatibility were performed for all kidney 
transplant patients. 
 
Sample collection 
Blood samples (3 mL, treated with EDTA) were 
collected from each patient. Serum and buffy coat 
from each sample were separated using Ficoll 
gradient (Nycomed, Zurich, Switzerland). 
 
ribonucleic acid isolation and quantitative real-

time polymerase chain reaction 
To evaluate gene expression of TLR2 and TLR4 in 
cases of renal transplant rejection, quantitative real-
time polymerase chain reaction (qRT-PCR) was 
performed. For this purpose, the total RNA was 
extracted using the RNX-Plus solution (CinnaGen, 
Tehran, Iran) according to the manufacturer’s 
protocol, and the concentration of extracted RNA  
was then quantified using a NanoDrop Lite 
Spectrophotometer (Thermo Fisher Scientific). The 
quality of extracted RNA was considered by 1% 
agarose gel electrophoresis, as well. Subsequently, the 
complementary DNA (cDNA) was synthesized. We 
used 1 μg of extracted RNA for cDNA synthesis,  

by adding random hexamer (1 μL, 0.2 μg) and 

deoxynucleoside triphosphates (1 μL, 10 mM); the mix 

was incubated at 65°C for 7 minutes and then put on 
ice for 2 minutes. In the next step, Moloney murine 
leukemia virus reverse transcriptase (RT) enzyme  
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(1 μL, 200 U; Vivantis, Selangor, Malaysia), RT buffer 

(2 μL, 10×), and ribonuclease inhibitor (1.3 μL, 60 U) 

were mixed and added to the first mix. The new 
whole mix was incubated for 90 minutes at 45°C and 
then 5 minutes at 85°C. All RNA samples were treated 
with deoxyribonuclease (DNase; Thermo Fisher 
Scientific) before changing to cDNA. For this reason,  
1 μL for each μg of RNA was treated with DNase. 

The AlleleID 6 software (Premier Biosoft 
International) was used to design the primers for 
amplification of the genes of interest (TLR2 and 4 
genes). Subsequently, the primer specificity was 
confirmed by Primer-BLAST (https://www.ncbi. 
nlm.nih.gov/tools/primer-blast) and In-Silico PCR 
(https://genome.ucsc.edu/cgi-bin/hgPcr). The beta-
actin gene was used as the housekeeping gene, as it 
is known to have only minor fluctuations versus the 
comparatively higher fluctuations of other genes. 
The amplification mixes and primer sequences are 
summarized in Tables 1 and 2. 

To check the specificity of an amplification 
reaction, the melting-curve analysis was evaluated. 
The results for the target genes were measured as 
fluorescence signal intensity and normalized to the 
internal standard gene, beta-actin. The program for 
thermocycling as follows: 1 cycle at 95°C for 2 min, 
followed by 40 cycles at 95°C for 30 seconds, and 
then 1 cycle at 65°C for 20 seconds following melting-
curve analysis to confirm the specificity of the 
reaction. 

Statistical analyses 
The statistical differences in the expression levels of 
genes and the fold changes in patients and controls 
were compared via the Livak methods (2-∆∆CT). 
Statistical analyses were performed through SPSS 
software (version 22.0; IBM Corporation, Armonk, 
NY, USA), using parametric and nonparametric 
analyses. P < .05 was considered significant. 
 
Results 
 
Descriptive characteristics 
The non-AR group consisted of 101 kidney trans -
plant recipients: 62 were male (61.4%; age range,  
14-69 years), and 39 were female (38.6%; age range, 
15-61 years). The AR group consisted of 50 kidney 
transplant recipients: 33 were male (66%; age range, 
6-68 years), and 17 were female (39%; age range,  
13-58 years). The mean ages in the non-AR group 
and AR group were 42 ± 14.6 years and 42 ± 14.9 
years, respectively. The ABO blood groups and 
underlying diseases in both study groups are 
summarized in Tables 3 and 4. 
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table 1. Amplification Program of Real-Time Polymerase Chain Reaction

Master Mix Volume, μL 

SYBR Premix EX Taq II 5 
PCR forward primer (3 pM) 0.2 
PCR reverse primer (3 pM) 0.2 
ROX reference dye (50×) 0.2 
Template (< 100 ng) 1 
Distilled H2O 3.4 

table 2. Primer Sequence for Amplification of Genes of Interest

Gene Primer Sequence Product  
Length, 

base 
pairs 

TLR2 Forward 5′-TCCGCCTCTCGGTGTCGGA-3′ 102 
Reverse 5′-AAACGGTGGCACAGGACCCC-3′ 

TLR4 Forward 5′-TCAAGCCCAGGATGAGGACTGGGT-3′ 117 
Reverse 5′-CAGCAATGGCCACACCGGGA-3′ 

Beta-actin Forward 5′-GGGCGGCACCATGTACC-3′ 203 
Reverse 5′-GATGGAGGGGCCCGACT-3′ 

Abbreviations: PCR, polymerase chain reaction; ROX, carboxy-X-rhodamine 
(passive reference dye); SYBR Premix EX Taq II, a reagent specifically 
designed for real-time PCR  

Abbreviations: TLR, Toll-like receptor  

table 3. Blood Group Distribution in the Study Groups

Blood Group Patient Group, No. of patients (%) 
AR Non-AR 

O Rh+ 25 (50%) 33 (33%) 
A Rh+ 16 (32%) 24 (24%) 
B Rh+ 4 (8%) 24 (24%) 
AB Rh+ 2 (4%) 11 (11%) 
O Rh- 1 (2%) 3 (3%) 
A Rh- 1 (2%) 4 (4%) 
B Rh- 0 0 
AB Rh- 1 (2%) 0

table 4. Underlying Diseases in Recipients with Acute Allograft Rejection 
and Nonrejection Recipients

Underlying Disease Patient Group, No. of patients (%) 
AR Non-AR 

Hypertension 2 (4%) 9 (18%) 7 (6.8%) 7 (6.8%) 
Renal stone 1 (2%) 1 (2%) 2 (2%) 10 (10%) 
Diabetes 1 (2%) 4 (8%) 2 (2%) 0 
Chronic renal failure 5 (10%) 7 (14%) 12 (12%) 10 (10%) 
Insulin-dependent  
   diabetes mellitus 0 1 (2%) 1 (2%) 5 (4.9%) 
Renal stone and hypertension 0 0 1 (1%) 2 (2%) 
Insulin-dependent diabetes  
   mellitus and hypertension 0 4 (8%) 3 (2.9%) 6 (5.9%)  
Autosomal dominant  
   polycystic kidney disease 0 0 3 (2.9%) 3 (2.9%) 
Focal segmental  
   glomerulosclerosis 0 2 (4%) 2 (2%) 1 (1%) 
Rapidly progressive  
   glomerulonephritis 0 1 (2%) 1 (1%) 5 (4.9%) 
Nephropathy 2 (4%) 4 (8%) 2 (2%) 2 (2%) 
Other diseases 2 (4%) 4 (8%) 2 (2%) 3 (3%) 

Abbreviations: AR, acute rejection  

Abbreviations: AR, acute rejection  



toll-like receptors 2 and 4 gene expression levels: 

comparison between nonrejection and acute 

rejection groups 
The gene expression levels of TLR2 and TLR4 were 
compared between AR and non-AR groups (Figure 
1). The expression level of TLR2 was significantly 
increased in the AR group compared with the non-
AR group (P = .046). Furthermore, the increase in the 
level of TLR4 gene expression was significant in  
the AR group compared with the non-AR group  
(P = .034). 
 
Discussion 
 
Recent studies have emphasized the importance of 
the immune system in transplant rejection.19 Toll-like 
receptors express a strong affinity for infection and 
tissue injury-associated molecules. Toll-like receptors 
are expressed throughout the animal and plant 
kingdoms, which has generated a powerful interest 
in defining the characteristics of TLRs in health and 
disease.22,23 

The stimulation TLRs with ligands, except for 
TLR3, can activate the interferon regulatory factor 3 
and MyD88 pathways. Activation MyD88-dependent 
TLRs signaling pathways may cause the activation 
of the transcription factors nuclear factor-kappaB and 
activator protein 1. Finally, these proteins lead to the 
induction of innate immune responses by producing 
inflammatory cytokines, including interleukin-6, 
tumor necrosis factor, and interleukin-12. MyD88 is 
an adapter protein that facilitates signal transduction 
by TLRs.24 Furthermore, a recent study by Pasare  
and Medzhitov confirmed the manner in which  
TLR activation blocked the suppressive effects of 

regulatory T cells, enabling pathogen-specific immune 
responses.25 

In the present study, we evaluated the expression 
levels of TLR2 and TLR4 in AR and non-AR renal 
transplant recipients. Our results showed that the 
expression levels of TLR2 and TLR4 in the AR group 
were statistically significant versus the non-AR 
group. It is known that TLR2 protein is constitutively 
expressed in the kidney. However, the distribution of 
TLR2 was not uniform throughout the nephron.26 
Previous studies have shown the importance of TLR2 
in renal function after transplant.12 

Hoffmann and colleagues completed the first 
study to show the time course of TLR2 expression 
after kidney transplant in an experimental rat model. 
The results of that study were then compared with 
TLR2 expression in human renal allograft biopsies.3 
The new findings of Hoffmann and colleagues suggest 
a role for TLR2 in the early time course of AR. The 
cellular localization of TLR2 was analyzed by 
immunohistochemistry, and positive staining data in 
uninjured renal tissue were detected.16,26 Supplemental 
investigation of TLR2 induction with renal function 
confirmed that higher TLR2 mRNA levels were related 
to higher serum creatinine levels under standardized 
experimental conditions. Also, TLR2 was induced in 
both the kidney and urine of rats that had received 
renal transplants. Moreover, this excretion was related 
to the severity of allograft rejection and renal function. 
Toll-like receptor 2 could initiate mechanisms related 
to the induction and severity of AR episodes. 
Furthermore, TLR2 activation of innate immunity in 
kidney transplants may contribute to acute allograft 
rejection.3 Another study showed that TLR2 antisense 
oligonucleotide treatment in an experimental 
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Figure 1. Messenger Ribonucleic Acid Expression Levels of Toll-like Receptors 2 and 4 in Kidney Transplant Patients

Abbreviations: AR, acute rejection; Med, median; TLR, Toll-like receptor 
(A) TLR2 in non-AR kidney transplant recipients. (B) TLR4 in AR kidney transplant recipients. 



ischemia-reperfusion model in mice reduced renal 
dysfunction after ischemia-reperfusion injury 
compared with nonsense oligonucleotide treatment.8 

TLR2 targeting in order to abrogate inflammation  
in diabetes resulted in reduced complications, 
including nephropathy.27 Furthermore, it seems that 
TLR2 is capable of monitoring cellular injury that is 
the result of ischemic stress and that TLR2 is crucial 
for the initiation of a proinflammatory immune 
response.8 

The importance of TLR4 activation in allograft 
damage in human kidney transplants has not been 
identified, but animal model studies have shown that 
TLR4 signaling is connected to kidney injury induced 
by ischemia and reperfusion; also, in vitro studies 
revealed that renal tubular epithelial cells can 
synchronize an immune response to injuries in a 
TLR4-dependent manner. Studies suggest that  
TLR4-selective targeting may be useful for the 
development of therapeutic tools to avoid injury, ie, 
more so than targeting the intracellular pathways 
used by TLR4. Toll-like receptor 4 is recognized as a 
cellular sentinel for acute renal damage that later 
controls the orientation of an innate immune 
response.17,18 For instance, a study in 2007 suggested 
that TLR4 induction in cells is involved in cell death 
and graft rejection after transplant.4 Kruger and 
colleagues showed that TLR4 was permanently 
expressed within all kidney donors; nonetheless, it was 
significantly higher in deceased donor organs 
compared with living donor organs. They proposed 
that targeting TLR4 signaling may have value in 
preventing or treating acute kidney injury after 
transplant.28 Also, TLR4 attenuates tubular damage 
but promotes renal fibrosis by controlling the 
vulnerability of the renal cells to transforming growth 
factor beta. Together, the results of the present study 
suggest that TLR4 signaling may be a therapeutic 
target for the inhibition of renal fibrosis.18 Other studies 
also proposed that inhibition of TLR2 and TLR4 might 
be potential therapeutic targets to control tumor 
progression and ischemia-reperfusion results.29,30 
 
Conclusions 
 
It is likely that renal injuries initiate multiple 
pathophysiological mechanisms that culminate in 
the expression of survival genes, proinflammatory 
cytokines, and chemokines, which ultimately lead to 
activation of inflammatory cells. It is known that 

TLR2 and TLR4 have prominent constitutive protein 
expression through the kidney tissue, and the 
profound protection gained by blockade of this 
protein expression not only shows these receptors to 
be a chief regulator of renal injury but also suggests 
a significant role in normal renal physiology. Toll-like 
receptors 2 and 4 were expressed more in the AR 
group compared with the non-AR group. Therefore, 
TLR2 and TLR4 could be defined as risk markers for 
the induction of the innate immune system to 
promote allograft rejection. 
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Abstract 
 
Objectives: Incidence of vascular anomalies in donor 
kidneys varies from 18% to 30% and presents a 
challenge for a transplant surgeon in kidney transplant. 
Here we present our personal experience for man -
agement of the complicated and unexpected cases. 
Materials and Methods: A total of 250 kidney 
transplants (226 living, 24 deceased) were performed 
in a period of 24 years; mean donor age was 55 years 
(range, 25-86 years), and mean recipient age was 38.6 
years (range, 14-66 years). We analyzed the surgical 
techniques, complications and outcomes, rejection 
episodes, kidney function, and graft and patient 
survival rates. 
Results: Of 250 nephrectomies, 209 had a single artery 
(83.6%), 34 had 2 arteries (13.6%), and 7 had 3 arteries 
(2.8%). Of 34 double arteries, 14 had 2 main arteries, 
15 had a main and a polar artery, and 5 had an aortic 
Carrel patch after deceased donation. According to the 
size, type, and position, the anastomoses were 
performed with branches of hypogastric, epigastric 
inferior, iliac external, and main renal artery, 
intracorporeally or in bench surgery. Regarding veins, 
1 double inferior vena cava, 1 left-side inferior vena 
cava, 4 retroaortic, 2 circumaortic, 10 large lumbar veins 
draining into the left renal veins, and 8 cases with 2 or 
more different size renal veins were managed. In 9 cases 
with short right renal vein, an extension with vena cava 
(a “Barry cavoplasty”) was performed in deceased donor 
organs. No serious surgical complications related to 
vascular anomalies were observed. There were no 
statistical differences in 1-, 6-, and 12-month graft 

survival rates between the groups with or without 
vascular anomalies. 
Conclusions: Vascular anomalies should no longer be 
considered a contraindication for transplant, if careful 
anastomosis is performed in every case to avoid 
ischemia and further complications. Therefore, 
management of vascular anomalies could be a graft-
saving procedure. 
 
Key words: Graft survival, Organ donation, Surgical 
techniques, Vascular anomalies 
 
Introduction 
 
The surgical reconstruction of the blood circulation 
is one of the most important parts of transplant 
surgery, including living donor (LD) and deceased 
donor (DD) organs. The anatomic region of the 
kidneys and blood supply system is prone to common 
congenital malformations, as well as uncommon 
malformations, any of which may present a challenge 
for transplant surgeons. The efficacy of the surgical 
correction and adaptation of the local arterial and 
venous blood supply are crucial to achieving short- 
and long-term graft survival. In the past, most cases 
with arterial anomalies (multiple) were a genuine 
contraindication for kidney transplant, especially in 
living donor transplant.1 The problem of multiple 
renal arteries (MRA) is associated with other surgical 
problems in kidney transplant recipients, such as 
delayed graft function, acute rejection, and increased 
urological and vascular complications. Some of  
these problems are discussed in the literature,  
such as renal infarcts, ureteral necrosis and ureteral 
fistula, hemorrhage, and hematoma, as well as 
thrombosis. 

The presence of MRA is the most frequently 
encountered anatomic variation in kidneys.2-4 

Incidence of unilateral and bilateral MRA during 
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kidney transplant is 23% and 10%, respectively.2 

Autopsy studies have suggested that the prevalence 
rate of MRA is 18% to 30%, with 15% being bilateral.5 
A variety of methods have been described to 
transplant these MRA kidneys, including micro -
vascular surgery. Here we review the available 
operative techniques, the relative merits and 
indications, and the reasons for our preferences. 

The venous anomalies, such as double veins with 
different size, retroaortic veins, and circumaortic 
veins, as well as anomalies in venous and vena  
cava position, are important considerations in  
kidney transplant surgery and can cause difficulties 
in open surgery and laparoscopic surgery. Although 
venous anomalies are not common in kidney 
transplant surgery, these present a real clinical 
dilemma if discovered during the surgical 
procedure.6-10 

Today, MRA are no longer considered a 
contraindication for transplant, even in living donor 
nephrectomies.11-13 With current advances in 
vascular surgical techniques, kidneys with MRA are 
engrafted without hesitation in cases when the blood 
vessels supply more than 5% to 10% of renal 
parenchyma.14 

With the inclusion of all possible kidneys for 
transplant with MRA and other vascular anomalies, 
including those with arteries and veins inadvertently 
damaged during donor kidney removal, the potential 
donor pool is expanded, and more organs are 
available for the increasing number of patients on 
wait lists.15,16 

The worldwide popularity of laparoscopic donor 
nephrectomy, with the accumulation of surgical and 
technical experience, is now extended to donor 
organs with MRA, but MRA remain a technically 
challenging condition, especially for right-side 
kidney procedures.17 
 
Materials and Methods 
 
We retrospectively analyzed 250 kidney transplant 
recipients (226 LD and 24 DD) during the period of 
1987 to 2011 at the University Clinics of Urology, 
Nephrology and Transfusiology at the Clinical 
Centre in Skopje, North Macedonia. Among  
226 living donors, 202 were parents of recipients, 
while 24 were unrelated donors who were  
spouses (17), mothers-in-law (4), fathers-in-law  
(2), and a brother-in-law (1). According to the policy 

at our center, the suitable donors (living and 
deceased) were accepted with a minimum of 50% of 
human leukocyte antigen compatibility and 
complement-dependent cytotoxicity cross-match 
negativity. For imaging a vascular structure of  
the kidneys (arterial and venous), a standard 
angiography, computed tomography angiography, or 
magnetic resonance imaging angiography was 
performed. 

The final decision regarding which kidney should 
be removed was based on the established criteria that 
the donor should retain the better kidney and that 
the donor nephrectomy should be performed on the 
side that is the least complicated, to reduce risk to the 
donor.18 The standard transplant procedure was 
performed for all kidney transplant recipients, ie, 
end-to-end or end-to-side arterial anastomosis with 
hypogastric or iliac external artery and end-to-side 
venous anastomosis with external iliac vein. 
Ureterovesicular anastomosis was performed using 
the Lich-Gregoire procedure in all kidney transplant 
recipients. All vascular anastomoses were performed 
by a well-skilled transplant surgeon who used 
optical loupes with the standard ×2.5 magnification 
and standard surgical instruments and materials, 
including monofilament nonabsorbable suture (5-0, 
6-0, 7-0, or 8-0). All grafts were transplanted into  
iliac fosse via extraperitoneal access. Most  
of the cases with vascular anomalies (arterial and 
venous) were successfully managed during the 
surgery procedure by performing microvascular 
anastomoses. In a few complicated cases, bench 
surgery was needed.2 

A quadruple sequential immunosuppression 
(antithymocyte globulin, basiliximab, and daclizumab 
as an induction and triple-drug maintenance therapy 
with calcineurin inhibitors, mycophenolate mofetil, 
and steroids) was introduced in all patients regardless 
of the immunological risk of the kidney transplant 
recipient.19 The demographic and clinical charac -
teristics of the donors and recipients are presented in 
Table 1. 

Survival rates of patients and grafts, delayed graft 
function, rejection rate, bleeding episodes and 
hematomas, vascular and urological complications, 
and cold and warm ischemia times were analyzed 
during the study. The results were compared  
with patients who had single renal arteries and  
veins, which was considered as the control  
group. 
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Results 
 
Of 250 donor nephrectomies (84% left side and 16% 
right side), 209 donor organs had a single renal artery 
and 41 had MRA (34 donor organs had 2 arteries, and 
7 donor organs had 3 arteries). With regard to the 
venous system, 242 kidneys had a single vein 
(96.8%), and 8 donor kidneys had 2 or more different 
size renal veins. Among the donors with a single 
vein, the specific different venous anatomic position 
had been determined, ie, retroaortic left vein in 4 
cases (3 with type 1, and 1 with type 4) and 
circumaortic (collar) left renal veins in 2 cases. In 10 
LDs a large lumbar vein was drained into renal vein, 
and in 9 DDs a short right renal vein was discovered 
and resolved. 

Surgical and microsurgical techniques of intra -
corporeal in situ and ex vivo bench surgery 
anastomotic techniques were applied.2 

Before and during the preparation of the LD and 
recipient pair, arterial anatomy was carefully evaluated 
for both, usually by computed tomography 
angiography.20 With regard to our center’s policy to 
accept expanded criteria donors (eg, elderly, marginal), 
the renal vascular anatomy of the donor was an 
important consideration for the final decision to 
transplant, and a plan was established to manage 
potential MRA or atherosclerotic plaques on the 
donor renal arteries and recipient pelvic arteries. 
 
Arterial reconstruction 
Ex vivo bench surgery anastomotic technique was 
used in 13 cases and in 28 intracorporeal in situ 
reconstructions. In the case of 2 main arteries (12 LD), 

end-to-end anastomosis to the branches of the 
internal iliac artery was used. In 2 cases, a double-
barrel technique (side-to-side conjoined artery to 
artery anastomosis) was performed. Fifteen LD had 
main and polar arteries (7 upper polar and 8 lower 
polar), and among these were 3 that were 
anastomosed into the main artery. Four smaller 
upper polar arteries, which supply less than 10% of 
the kidney surface area, were ligated. Five lower 
polar arteries were anastomosed end-to-end with the 
epigastric inferior artery, 1 end-to-side with external 
iliac artery, 1 end-to-side to main renal artery, and 1 
was ligated. Despite the ligation of the lower polar 
artery, we did not observe any ureteral consequences. 
In 5 DD, an aortic Carrel patch was used for end-to-
side to external/common iliac artery anastomosis. In 
a single patient, an aortic patch between 2 widely 
separated arteries was created to approach these and 
revascularize with a single suitable Carrel aortic 
patch. 

In 7 donors (5 LD and 2 DD), 3 arteries were 
found. Of 5 LD, 3 kidneys had 3 hilar arteries. Two 
arteries were anastomosed end-to-end with the 
branches of hypogastric artery, and the third artery 
was anastomosed end-to-side with the external iliac 
artery. For 2 LD with 2 main arteries and 1 lower pole 
artery, the arteries were anastomosed end-to-end 
with the branches of the hypogastric artery and 
lower polar artery end-to-end with the epigastric 
inferior artery. For 2 DD with 3 renal arteries, the 
arteries were anastomosed with an aortic Carrel 
patch end-to-side to the external/common iliac 
artery (Table 2, Figure 1). 
 
Venous reconstruction 
Similar to arterial anatomy variations, venous 
variations have been observed with as many as 8 
accessory veins. In this case, 7 veins were ligated; 
however, for 1 vein, an end-to-side anastomosis into 
the main renal vein was necessary. An extension of a 
short right renal vein was created with an adherent 
caval patch in 9 DD cases. 

Regarding anatomy position variations in LD 
cases, 4 retroaortic left renal veins were detected 
(type 1 joining IVC in the orthotopic position in 3 
cases, and type 4 joining IVC close to the union of the 
common iliac vein in 1 case). Two circumaortic left 
collar veins were observed for which the main and 
dominate vessel was the preaortic branch. After 
careful surgical assessment and investigation, the 

765Zivko Popov et al/Experimental and Clinical Transplantation (2020) 7: 763-770

table 1. Clinical and Demographic Characteristics in Our Series (1987-2011)

Characteristic Result 

Total number of transplants, No. (%) 250 (100%) 
     Living donors 226 (90.4%) 
     Deceased donors 24 (9.6%) 
Living-unrelated donors, No. (%) 31 (12.4%) 
Recipient mean age, years (range) 38.6 (14-66) 
Male recipients, No. (%) 140 (56%) 
Donor mean age, years (range) 55 (25-86) 
Male donors, No. (%) 105 (42%) 
Human leukocyte antigen mismatch ~2.6 
Mean warm ischemia time, min ~2.7 
Mean cold ischemia time, h 5.82 
Living donors 3.10 
Deceased donors 15.60 
Delayed graft function, No. (%) 45 (18%) 
     Living donors 36 (14.4%) 
     Deceased donors 9 (37.5%) 
Rejections, No. (%) 44 (17.6%) 
     Living donors 35 
     Deceased donors 9



smaller retroaortic branch was ligated without 
complications. The other anatomic variations 
included large lumbar veins draining to the left renal 
veins, which were carefully ligated. Curiously, 
among the cases presented in our study, the 
congenital anomalies of affected IVC were observed 
in 2 LD left nephrectomy, ie, the left side in one  
and a double IVC in the other (Table 3, Figures 2  
and 3). 

The surgical approach to the venous system 
anomalies should be performed with care equal to 

that for arterial reconstruction; there are surprisingly 
high numbers of congenital variations (Figures 4 and 
5). In many cases, the venous reconstruction presents 
a real surgical dilemma, and yet it may be the best 
solution. 
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table 2. Arterial Malformations and Technique of Reconstruction

Malformation and Technique Number (%) 

Single renal artery, No. (%) 209 (83.6%) 
     End-to-end with hypogastric artery 198 (79.2%) 
     End-to-side with iliac external artery 11 (4.4%) 
Two arteries, No. (%) 34 (13.6%) 
     Two main renal arteries anastomosed end-to-end to  
        the branches of internal iliac artery 12 (4.8%) 
     Side-to-side conjoined artery-to-artery anastomosis  
        (double-barrel technique) 2 (0.8%) 
Main and polar arteries, No. (%) 15 (6%) 
Seven upper polar arteries (3 into the main renal artery,  
   4 smaller ligated), 8 lower polar arteries (5 to epigastric  
   inferior, 1 end-to-side with external iliac, 1 end-to-side 
    lower polar artery to main renal artery, 1 ligated),  
   Carrel patch from the aorta with end-to-side with  
   common/external iliac artery 5 (2%) 
Three arteries, No. (%) 7 (2.8%) 
     Three 3-hilar arteries (internal plus external artery),  
     2 main with lower pole arteries (epigastric artery) 5 (2%) 
Carrel patch from the aorta with end-to-side with  
   common/external iliac artery 2 (0.8%)

table 3. Venous Anomalies and Type of Anastomosis

Malformation and Technique Number (%) 

Single renal vein, end-to-side to external iliac vein 242 (96.8%) 
Two or more different size renal veins 8 (3.2%)  
     Ligation of the smaller vessel 7 
     Anastomosis, end-to-side with main renal vein 1 
Retroaortic veins 4 (1.6%) 
Circumaortic veins 2 (0.8%) 
Large lumbar vein draining into the left renal vein 10 (4%) 
“Barry cavoplasty” of the short right renal vein, deceased donor 9 (37.5%) 
Double vena cava, left kidney 1 (0.4%) 
Left-side vena cava 1 (0.4%) 
Absence of the infrarenal vena cava 0 

Figure 1. Schematic Examples of Our Surgical and Microsurgical Techniques of Intracorporeal and Ex Vivo Anastomosis for Grafts 
With Multiple Renal Arteries

Figure 2. Left-Side Inferior Vena Cava (Living Donor Nephrectomy)

 Schematic examples of surgical and microsurgical techniques of (a-c) intracorporeal and (d-f) ex vivo anastomoses for grafts 
with multiple renal arteries (Popov Z, Personal data) 



 

Discussion 
 
The present worldwide organ shortage causes 20 
deaths every day, and every 10 minutes someone 
new is added to the wait lists; therefore, every 
available organ is important and has the potential to 
save a human life. No available kidneys should be 
considered unsuitable for transplant if there is a 
possibility for their successful use. Organ shortage 
remains a major problem, especially in developing 
countries, where the rate of transplant is significantly 
lower than in the developed world.21 Our task as 
surgeons is to perform any possible surgical procedure 
to best facilitate a successful kidney transplant. With 
this practice, the percentage of marginal donors  
(eg, donors with vascular anomalies, controlled 
hypertension, and urological problems, as well as 
elderly donors) can be increased.15,16 

Vascular anomalies in donors and recipients, 
which were long considered to be a contraindication 
for transplant, are now increasingly accepted because 
of improvements in surgical techniques and imaging 
procedures.11 Usually, MRA are identified from the 
results of the donor angiography. Our center’s policy 
is to use a donor kidney with MRA only if the 
presentation is bilateral or if the kidney has a single 
artery that cannot be used for medical and ethical 
reasons.19,22 The introduction of bench ex vivo 
surgery or intracorporeal microsurgery enables  
most arterial anomalies to be reconstructed and 
reanastomosed with good short- and long-term 
outcomes that are equal to those with single artery.2 
Arterial reconstruction is performed according to 
known experiences in transplant surgery using 
techniques that best fit the situation and with  
which the surgeon feels most comfortable. The 
reconstruction of the arterial supply of the graft is a 
difficult surgical procedure that may require the 
introduction of an ex vivo microsurgery procedure 
(bench) in some cases; hence, this approach may 
represent a clinical dilemma. When a donor kidney 
has 2 arteries of unequal size, it is preferable to 
anastomose these arteries separately rather than 
perform an end-to-side bench surgery, which carries 
the potential risk of compromising the lumen of the 
larger renal artery. Care must be taken with intrahilar 
dissection and vascular anastomosis, which may 
jeopardize ureteral blood supply. Lower polar 
arteries must be anastomosed with attention to the 
risk that occlusion of lower polar arteries may cause 
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Figure 3. Duplication of Inferior Vena Cava (Living Donor Nephrectomy)

Figure 4. Two Different Sizes of Renal Veins Found Incidentally With 2 Renal 
Arteries (Living Donor Nephrectomy)

Figure 5. Retroaortic Renal Vein Draining Into Inferior Vena Cava Close to the 
Union of the Common Iliac Veins (Living Donor Nephrectomy)



ischemia, infarction, and urology complications such 
as caliceal or ureteral necrosis and fistulae. Regarding 
the use of inferior epigastric artery, it is especially 
suitable for anastomosis with an injured length  
of lower polar artery to avoid further ureteral 
complications on the same side. Therefore, the 
inferior epigastric artery should be carefully 
prepared from the start of surgical incision to secure 
sufficient length. On the other hand, the inferior 
epigastric artery is rarely involved with 
atherosclerosis, and wall thickness and diameter are 
almost the same with the polar arteries. Any eventual 
anastomosis with epigastric arteries should be 
performed only after removal of the vascular clamps 
on the main vessels to avoid the prolongation of 
warm ischemia time. In the present study, no ureteral 
fistula was observed.2,21,23-25 With DD cases, the 
reimplantation of MRA on a common Carrel patch is 
the preferable technique. The arterial reconstructive 
procedure is presented in Figure 1. 

In our study, the incidence of MRA (16.4%) was 
low compared with other studies.2,5 The reason for 
this may be the large number of living-related and 
living-unrelated donors in our program.22 

The percentage of venous anomalies was much 
lower (3.2%) than arterial anomalies. Most venous 
anomalies were multiple renal veins or retroaortic 
and circumaortic collar veins. In our experience, the 
2 components of the circumaortic veins must be 
identified, and this is not always an easy task. In 
every case of circumaortic veins, we decided to  
ligate a slightly smaller vein, usually a retroaortic 
component. We did not observe any complication of 
importance after the ligation.7,8,10 A special challenge 
was presented by the position and structure of 
venous system anomalies discovered incidentally 
(drainage of large lumbar veins into the left renal 
vein, double IVC, and left-side IVC) (Figure 2). 
Therefore, modern imaging techniques, including 
multidetector computed tomography angiography, 
could reveal not only arterial anomalies but also 
different complicated venous system variations.9,10 

The presentation of the venous variations before 
surgery to an experienced radiologist and transplant 
surgeon could be especially important in the final 
decision regarding kidney choice (ie, left or right). In 
our series of venous anomalies, of particular interest 
were the cases of double IVC and left-side IVC 
because of the short renal veins from both sides that 
could be represent a surgical problem.9,10 In case of 

en bloc binephrectomy in DDs, the problem of short 
right renal veins could be solved by so-called “Barry 
cavoplasty,” which we have used successfully in 9 
cases of our DD transplant program.26 

The venous variations and anomalies are a 
specific challenge for the transplant surgeon and 
represent a real clinical dilemma. The total number 
of more than 60 cases with vascular anomalies in our 
experience confirms that these cases could represent 
a serious problem for transplant surgeons, especially 
in laparoscopic LD27,28 and DD nephrectomy. 
Theoretically, the transplant team could expect more 
complications such as prolonged cold ischemia time, 
second warm ischemia time, time of reanastomosis, 
higher rate of vascular and urology complications, 
readmissions, long-term hospitalization, and addi -
tional surgery. In analyses of surgical complications 
(Table 4), we observed no differences between the 
group with vascular anomalies and the group with 
single artery and vein. 

Most of the complications presented in our study 
are typical, ie, common in routine transplant surgery. 
The percentage of 2% renal artery thrombosis in the 
whole group of patients corresponds with previous 
results.29 Of note, we did not observe any episode of 
thrombosis after reconstruction surgery in the group 
with MRA. Regarding late artery stenosis, our rate is 
6%, which is in accordance with published data.30 

Similar to the case of artery thrombosis, we did not 
find any differences between group 1 and group 2. 
However, we observed these complications at the 
beginning of our transplant program. The routine 
method of treatment of late artery stenosis was 
percutaneous balloon dilatation or stenting. The 
urinary fistulas arose mostly as a complication of 
vascular irrigation of ureter in 5.6% of our cohort, but 
this complication was not associated with the cases of 
MRA. The routine treatment was terminoterminal 
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table 4. Number of Surgical Complications (N = 250)

Malformation and Technique Number (%) 

Graft rupture 9 (3.6%) 
Renal vascular thrombosis 7 (2.8%)  
Arterial 5 (2%) 
Venous 2 (0.8%) 
Urinary fistula 14 (5.6%) 
Intestinal perforation 2 (0.8%) 
Renal artery stenosis 15 (6%) 
Hematoma 11 (4. 4%) 
Arterial or venous bleeding 4 (1.6%) 
Wound infection 9 (3.6%) 
Lymphocele 14 (5.6%) 
Hemopneumothorax 1 (0.4%)  
Subdural hematoma 1 (0.4%) 
Intracerebral hematoma 1 (0.4%) 



anastomosis with ipsilateral or contralateral ureter  
of the same side. According to our experience, 
reconstructive surgery of the accessory lower polar 
artery is mandatory. 

When we compared results from kidney transplant 
recipients who had a single artery anastomosis, we 
did not find any significant differences in serum 
creatinine levels at 1, 6, and 12 months and graft 
survival rate at 12 months (Table 5). 
 
Conclusions 
 
Donors with vascular anomalies are often considered 
unsuitable for transplant; however, these donors can 
be suitable sources of valuable organs. The use of 
modern imaging techniques before surgery could 
identify most arterial and venous anomalies, 
providing valuable information for the decision 
regarding which kidney should be removed, that  
is, the left or right. We recommend the use of 
multidetector computed tomography angiography 
as a standard procedure in the assessment of donor 
suitability. An experienced transplant team at a high 
professional level is necessary to successfully 
manage the variety of different vascular anomalies, 
especially in living kidney donors, and to prevent 
short- and long-term complications in kidney 
transplant recipients. 
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Abstract 
 
Objectives: Drains are used routinely in many centers 
at the conclusion of kidney transplant, despite a 
paucity of evidence to guide practice in kidney 
transplant. Studies have not shown benefit from 
prophylactic drain placement following other  
major abdominal and vascular operations, and  
usage is consequently declining. Our aim was to 
understand practice patterns and rationale for 
behavior in drain placement and management in 
kidney transplant. 
Materials and Methods: We conducted an online survey 
of surgeons who routinely perform kidney transplants 
across Australia and New Zealand. 
Results: The response rate was 66% (43/66). Of 
respondents, 61% reported routine drain insertion, 
whereas 21% seldom inserted drains. Concerns about 
bleeding and anticoagulation (63%) and routine 
practice (58%) were the dominant reasons for drain 
insertion. The factors selected as most significant  
in determining drain removal were both volume  
and time (44%) and volume alone (33%). A volume of 
< 50 mL/day (51%) was the most commonly reported 
threshold for removal. The postoperative period of 
days 3 to 5 was the most commonly selected time 
point for drain removal (63%). Seventy-four percent of 
respondents would consider enrolling their patients in 
a randomized controlled trial to determine the 
benefits and harms of drain insertion. 

Conclusions: Although drain insertion is a common 
practice, transplant surgeons in Australia and New 
Zealand reported sufficient uncertainty concerning 
the potential benefits and harms to warrant design 
and conduct of a randomized controlled trial. 
 
Key words: Drain insertion, Kidney transplant, Surgeon 
preference 
 
Introduction 
 
Kidney transplant is conducted on an increasingly 
elderly and multimorbid population of people with 
end-stage kidney disease. Outcomes have remained 
stable or have improved,1 and this is attributed to 
factors that include improvements in recipient and 
donor selection and perioperative care and better 
immunosuppressive regimens. Although vascular or 
urologic surgical complications are rare in kidney 
transplant recipients, surgical site complications such 
as infection, dehiscence, or the development of 
perigraft fluid collections are common. Although 
wound complications do not seem to have a strong 
negative effect on long-term patient or graft survival 
rates, these do contribute considerably to postoperative 
morbidity, expenditure, and patient-reported quality-
of-life outcomes.1-4 

Drains are frequently inserted by surgeons in the 
extraperitoneal space surrounding the graft.5 The 
rationale for this practice is unclear; however, given 
that the incidence of clinically significant hemorrhage 
or urine leak is low, drainage of lymph seems the most 
reasonable rationale.5-7 Perigraft fluid collections are 
reported to occur in 0.6% to 51% of patients after 
kidney transplant. Most perigraft collections are not 
associated with graft dysfunction or symptoms and 
are detected incidentally on routine ultrasonographic 
imaging.8 The substantial variations of the incidence 
reported in the literature regarding perigraft collections 
are due to variable posttransplant surveillance imaging 
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protocols and the lack of any specific definition of such 
collections considered significant, particularly in 
terms of volume.9-17 

Data on prophylactic drainage following 
vascular,18 thyroid,19 gastrointestinal, and breast 
cancer surgery20-22 have not substantiated a benefit to 
routine drainage. Moreover, prophylactic drain 
placement may increase the risks of surgical site 
infection, cause postoperative pain, and delay 
discharge.20,21,23,24 In other areas of surgery, such as 
reduction mammoplasty,25 and even oncological breast 
surgery and axillary dissection,26 surgical practice 
patterns with respect to drains are often 
heterogeneous, and the practice of drain insertion 
persists, despite substantial evidence of lack of benefit 
associated with drain insertion. In kidney transplant, 
only a small number of comparative studies of drain 
insertion and omission have been reported, and these 
studies have provided conflicting results.1,5,27-29 

Notwithstanding these data on the use of 
prophylactic drains in other contexts, the immuno -
suppressed state in transplant may promote the 
incidence of surgical site complications such as fluid 
accumulation,1,3,4,7,30-33 and so extrapolating data from 
other surgery contexts to the context of the kidney 
transplant population may be misleading. There is no 
internationally accepted guideline or established 
consensus regarding the use of prophylactic drains in 
kidney transplants. However, as was seen recently in a 
case presented to the Supreme Court of New South 
Wales, “expert” witnesses frequently make claims 
regarding what is considered “standard of care” by a 
surgical community, even when this standard seems 
contrary to the evidence.34,35 As a consequence, we 
wished to clarify what practice with respect to 
prophylactic drain insertion was considered 
standard in Australia and New Zealand (ANZ) for 
surgeons performing kidney transplant procedures. 
We used this as an opportunity to garner further 
information about attitudes, rationale for drain 
usage, and patterns of management. 
 
Materials and Methods 
 
Survey design 
A web-based online survey was created via a secure 
online platform, known as Research Electronic Data 
Capture (REDCap).36 Ethics approval for this study 
was obtained from the Research Ethics and 
Governance Office of the New South Wales Sydney 

Local Health District. The survey was designed by 
practicing transplant surgeons, and the questions 
included information about their training background, 
transplant experience, the routine use of drains in 
kidney transplant, and the rationale for drain usage. 
The survey was designed to determine the 
demographics of the surgeons, including their field 
of subspecialty and breadth of experience. The 
practice of prophylactic drain insertion following 
renal transplant and the reasons for the choice to use 
(or not use) prophylactic drains were investigated. 
The online survey was tested by a group of selected 
transplant surgeons, and their feedback was 
incorporated into the final version of the survey. 
 
Study population 
Consultant surgeons who regularly perform kidney 
transplant at transplant centers across ANZ were 
identified through the Transplantation Society of 
Australia and New Zealand. An electronic link to  
the survey was distributed via electronic mail, 
individually or via their respective departments. 
Respondents who electronically consented to 
participating in this study completed the survey and 
identified themselves as one or more of the 
following: general surgeon (upper gastrointestinal 
surgery, transplant surgery, others), vascular 
surgeon, urologist, or other. 
 
Data collection 
Between November 2 and December 2, 2017, we 
identified 66 surgeons who perform renal transplants. 
An electronic link to the REDCap survey was 
distributed via electronic mail to each surgeon or 
through administrators of their department. Reminder 
emails were sent weekly until a survey response was 
obtained. Five unsuccessful attempts at reminder 
emails led to a “no response” from a surgeon. 
Respondents who completed the questionnaire were 
deidentified according to the name and transplant 
unit. No financial incentives were provided. 
 
Statistical analyses 
Data were exported from the REDCap program, and 
statistical analyses were conducted with the SPSS 
Statistics package (IBM SPSS Statistics version 24). 
The Somers D test was used to test the association 
between an ordinal dependent variable and an 
ordinal independent variable (surgeon experience 
and drain insertion practice). A one-way ANOVA 
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was conducted to determine whether general 
surgeons were more likely to insert a drain than non-
general surgeons. Respondents were classified as 
surgeons trained in general surgery (n = 21) or 
surgeons trained in non-general surgery (vascular 
surgeons or urologists, n = 22), and we surveyed the 
likelihood of each group to insert a drain: > 90% of 
the time was expressed as a score of 1; > 10% of the 
time expressed as a score of 2; < 10% of the time 
expressed as a score of 3. Statistical significance was 
defined as P < .05. 
 
Results 
 
respondents and demographics 
The response rate to the survey was 66% (43/66). The 
responses to questions about the length of consultant 
practice, transplant volume, and specialty training 
background are summarized in Figure 1. 
 
Drain insertion practice 
The responses to questions about the estimated 
frequency of drain insertion and the number of 
drains placed are summarized in Figure 2. The vast 
majority of surgeons (40/43; 93%) reported placing 
drains (when drains were used) only in the perigraft 
extraperitoneal space, and 1 surgeon specifically 
commented that an additional drain was placed in 
the subcutaneous space in “obese” patients. 
 
rationale 
Respondents were asked to identify any and all 
factors that may lead to a decision to place a 
prophylactic drain from 4 options; also, respondents 
were given the opportunity to provide specific 
personal reasons for the decision as free text, if 
desired. Multiple responses were permitted. The 
most common responses are summarized in Figure 
3A. Concerns about bleeding and anticoagulation 
(27/43; 63%) and routine practice (25/43; 58%) were 
the dominant reasons cited by respondents. Five 
respondents provided comments indicating that the 
choice to insert a prophylactic drain could arise in 
circumstances of “difficult bladder,” “large amount of 
lymphatic tissue,” “technically difficult operation,” 
“unit policy,” and “I never put drains unless after take 
back for bleeding.” Respondents were also asked to 
select what they perceived as the benefits of 
prophylactic drain insertion from 5 options (multiple 
responses permitted), as well as provide additional 
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Figure 1. Responses to Questions About the Length of Consultant Practice, 
Transplant Volume, and Specialty Training Background

(A) Years of consultant practice. (B) Surgeon kidney transplant volume per 
year. (c) Surgeon training background. 



comments as free text, if desired. These responses are 
shown in Figure 3B. The 2 most common responses 
were that drain insertion reduces symptomatic 
perigraft fluid collections (21/43; 49%) and that the 
respondents were uncertain about the benefit of 
drain insertion (13/43; 30%). Two respondents 
commented in free-text format that “bleeding is 
better predicted with drain inserted” and “I use drain 
to detect lymphocele postoperatively.” 
 
Drain management 
Respondents were asked about the management of 
the drain once inserted. Responses regarding factors 
such as the importance of time, volume permitting 
safe removal, and the preferred number of post -
transplant days for removal are shown in Figure 4. 

The factors selected as most significant in deter -
mining drain removal were both volume and time 
(19/44; 44%) and only volume (14/43; 33%). A 
volume of “< 50 mL/day” (22/43; 51%) was the most 
common response. Some respondents specified 
further (eg, “depends on the size of the patient” and 
“depends on fluid composition”), and 1 commented 
that it was decided to “remove the drain at day 5 
even if volume is > 50 mL/day.” When asked 
whether they would discharge patients with high-
output drains in situ, 16/43 (37%) responded never, 
25/43 (58%) responded infrequently, and 2/43 (5%) 
responded frequently. Twenty-five respondents 
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Figure 2. Responses to Questions About the Estimated Frequency of Drain 
Insertion and the Number of Drains Placed

Figure 3. Responses to Questions About Factors Contributing to Prophylactic 
Drain Insertion

(A) Frequency of prophylactic drain insertion. (B) Number of drains 
routinely placed. 

Abbreviations: OT, operating theatre; PGFC, perigraft fluid collection 
(A) Factors contributing to prophylactic drain insertion. (B) Perceived 
benefit of prophylactic drain insertion. *Unspecified by respondents.



(58%) believed that fluid composition was important 
for the decision to remove a drain, whereas 18 
respondents (42%) did not think it was relevant. 
Thirty-five percent (15/43) of respondents indicated 
that they routinely test drain fluid for creatinine 
before removing the drain. Twenty-one percent 
(9/43) responded that if the fluid consisted of 
hemoserous fluid, then this was an indicator for safe 
drain removal. The number of days posttransplant 
was a factor for drain removal for 27/43 respondents 
(63%). The postoperative period of days 3 to 5 was 
the most commonly selected time point for drain 
removal (27/43; 63%). One respondent specified that 
drain removal was appropriate at “24 hours post-IDC 
removal.” One respondent commented on the choice 
to “shorten tract if ongoing volume > 100 mL/day, 
aiming to get tissue sealing before removing to 
prevent expanding lymphocele.” 
 
Association of experience and training background 

and drain insertion practices 
There was no association between level of experience 
of surgeons and drain insertion practice (Somers D;  
d = .051, P = .673). General surgeons were more likely 
to insert drains than non-general surgeons (F = 6.121, 
P = .019; general surgeons, mean = 1.95 ± 0.865; non-
general surgeons, mean = 1.27 ± 0.631). There was no 
association between the practice of drain insertion 
and the number of kidney transplants per year  
(F = 1.44, P = .251). 
 
Willingness to participate in further study 
Thirty-two respondents (74%) would consider 
enrolling their patients in a randomized controlled 
trial to determine the benefits and harms of drain 
insertion. 
 
Discussion 
 
This study reports the results of a survey to assess 
the attitudes and preferences of surgeons in ANZ 
toward the use of prophylactic drains after kidney 
transplant. We have demonstrated that there is 
substantial variation in practice and rationale for the 
use of drains, duration of drainage, and indications 
for removal of the drains. More than half of 
respondents use drains routinely (> 90% of the time). 
The majority of routine drain placement was a 
consequence of “unit policy or routine practice,” 
suggesting that it is a consequence of established 
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Figure 4. Responses Regarding Factors Affecting Drain Removal

(A) Factors affecting timing of prophylactic drain removal. (B) Drain 
removal cutoff volume. (c) Timing of drain removal. 



tradition. It must be acknowledged that drain 
insertion has been a traditional, standard procedure 
in most major surgical operations. It is not surprising, 
given the lack of any strong evidence to the contrary, 
that the practice persists. Even in the face of 
substantial evidence, traditional practices are often 
defended and maintained.25 This is likely a 
consequence of the conservatism among members of 
a highly regulated profession for which there are 
barriers in the process of changing/ceasing previous 
behaviors.25,37-39 A substantial minority of respondents 
seldom or never insert drains, and the basis of this 
perspective may be evidence gleaned from other 
areas of surgery for which the benefits of routine 
prophylactic drainage seem questionable. 

This survey could not resolve the clinical question 
of prophylactic drain usage because the evidence  
is insubstantial. We have recently conducted a 
systematic review, and the results suggest that drains 
may be associated with a lower rate of perigraft fluid 
collection. Notwithstanding the significant bias in the 
design of the studies analyzed, even if correct, we do 
not know whether this would translate into any 
significant clinical outcome (such as graft loss, 
wound infection, requirement for interventions) or 
whether the complications of drains outweigh the 
benefits of reducing collections that do not have any 
clinical impact. Resolution of the issue would require 
a multicenter, randomized controlled trial, adequately 
powered to detect relatively rare but clinically 
significant outcomes. The large sample size required 
for such a study may be prohibitive. Therefore, 
surgeons will likely remain in an environment of 
clinical uncertainty with regard to the appropriate 
use of drains. 

This survey had a response rate of 65% of 
practicing kidney transplant surgeons in ANZ. There 
is a large variation in the number of transplants 
performed by each survey participant. As a result, it 
is difficult to determine the proportion of the 
approximately 1200 kidney transplants performed 
annually in ANZ40 that contributed to the career 
experience of the respondents. Therefore, it is 
difficult to comment on what is actually a routine 
practice for all kidney transplants across Australia 
and New Zealand. A limitation of this study is that it 
represents a snapshot in time, whereas actual 
patterns of practice are in constant flux. It will be 
interesting to repeat the survey in the future to 
ascertain the trend in drain insertion. 

Thirty percent of surgeons were uncertain with 
regard to the level of prophylaxis that could be 
provided by drain insertion for surgical complications. 
On the other hand, 48% of surgeons believed that the 
surgical drain was helpful in reducing the com pressive 
effect of a perigraft fluid collection, and 20% thought it 
would reduce the rate of graft loss due to the mass 
effect of a collection. All of these views may be correct. 
Clearly, practices are driven by the manner in which 
the surgeons view the competing risks and potential 
benefits of drain insertion and the relative importance 
assigned to those outcomes. This survey highlights the 
clinically relevant application of surgical experience 
and heuristics in managing these complex cases. 
Although approximately 75% of respondents indicated 
willingness to participate in a randomized study, a 
significant minority of respondents are not willing. 
This likely reflects the lack of objective evidence against 
or for the insertion of a drain among practitioners. 
However, both groups are likely to believe that their 
side of the argument would be correct. We need to 
accept as a surgical community that the outcome the 
practitioner considers to be the most significant will 
determine which approach the practitioner may take 
and that there is no definite right or wrong answer at 
this stage. 
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Abstract 
 
Objectives: Antibody-mediated injury in chronic active 
antibody-mediated rejection, possibly with other 
effector T cells, may play a role in graft injury. The role 
of inflammatory cells in the inflammation and fibrosis 
and tubular atrophy region has been recently 
advocated in the progression of injury. Cytotoxic T cells 
play a prominent role in T-cell-mediated rejection; 
however, the possible role of cytotoxic T cells in 
circulation and the intragraft compartment in chronic 
active antibody-mediated rejection, a common 
immunological cause of long-term graft failure, has 
not been well-studied. 
Materials and Methods: We measured the frequency of 
circulating cytotoxic T cells with flow cytometry, serum 
granzyme B level by enzyme-linked immunosorbent 
assay and intragraft granzyme B+ cell, and mRNA by 
immunohistochemistry and real-time polymerase 
chain reaction in biopsy tissue from living donor renal 
allograft recipients with stable graft function and 
chronic active antibody-mediated rejection. 
Results: The frequency of CD3+ and CD3+CD8+ T cells 
was similar in both stable graft function patients and 
chronic active antibody-mediated rejection patients. 
The frequency of CD3+CD8+granzyme B+ cytotoxic  

T cells was significantly lower in peripheral blood. 
Serum granzyme B level and intragraft number of 
granzyme B+ cells (counts/mm2) were also significantly 
higher in the chronic active antibody-mediated 
rejection group compared with that of patients  
with stable graft function. The intragraft granzyme  
B+ T cell count was positively correlated with serum 
creatinine and 24-hour urine proteinuria but 
negatively correlated with estimated glomerular 
filtration rate. 
Conclusions: Granzyme B mediates covert graft injury 
in patients with chronic active antibody-mediated 
rejection in addition to antibody-mediated injury. 
 
Key words: Cytotoxic T cells, Intragraft granzyme B, 
mRNA expression, Stable graft function 
 
Introduction 
 
Chronic active antibody-mediated rejection (CABMR) 
is one of the important immunological causes of graft 
loss in the late posttransplant period. Chronic active 
antibody-mediated rejection is clinically characterized 
by proteinuria, hypertension, a decline in glomerular 
filtration rate, and the presence of circulating donor-
specific antibodies. The common histological features 
are multilayering in peritubular capillary basement 
membrane along with complement fragment C4d 
deposition, glomerulitis, along with the varying 
degree of interstitial inflammation and fibrosis, and 
tubular atrophy.1 Patients with chronic antibody-
mediated rejection respond poorly to conventional 
immunosuppressive regimens and rapidly progress 
to end-stage graft failure.2 

A short-term interaction of naive CD8+ T cells 
with allograft peptide results in CD8+ T-cell 
activation.3 The persistent allogeneic stimulation 
activates CD8+ T cells to synthesize and secrete 
granzyme B, perforin, and expression of other 
armamentaria, such as Fas ligand (FasL), granulysin, 
lymphotoxin, tumor necrosis factor α, and interferon 
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γ, which may lead to allograft injury.4 A few studies 

showed that inhibition of the FasL-dependent 
pathway could not inhibit apoptosis in the 
peritubular epithelial cell. In contrast, inhibition of the 
perforin/granzyme B pathway with concanamycin A 
and higher endogenous protease inhibitor 9 inhibited 
apoptosis and cell lysis, suggesting perforin/granzyme 
B as an indispensable pathway for allograft cell death 
and rejection.5,6 Granzyme B, a serine protease of broad 
substrate specificity, mediates cytotoxicity and induces 
apoptosis in target cells.7 Few studies have reported 
urinary, intragraft, and circulating granzyme B as a 
reliable marker of acute rejection.8 In addition to 
antibody-mediated injury, T-cell-mediated injury also 
occurs in the allograft. In studies of the role of 
inflammatory cells within interstitial and tubular 
atrophy region, inflammation and fibrosis and tubular 
atrophy were associated with poor prognosis and 
rapid graft failure.9,10 T-cell infiltration and tubulitis are 
often observed in for-cause biopsies with a diagnosis of 
antibody-mediated rejection, and such mixed T-cell 
antibody-mediated pathology may occur in 10% to 
90% of graft biopsies.11-13 There are relatively few 
studies published on the changes in the cytotoxic T 
lymphocyte (CTL) in peripheral circulation and 
intragraft tissue in CABMR. In this study, we 
investigated the circulating and intragraft profiles of 
CTL in patients with CABMR in comparison with 
those of patients with stable graft function  
(SGF). 
 
Materials and Methods 
 
Patient recruitment 
A total of 42 living donor first renal allograft 
recipients (10 SGF and 32 CABMR), without a prior 
history of rejections, were included in the study. 
Based on histopathology reports (per the 2017 Banff 
criteria), independently evaluated by the 2 
histopathologists (Manoj Jain, Vinita Agarwal), 
patients were categorized into 2 groups: SGF and 
CABMR groups.1 All CABMR cases were defined 
per the criteria in the Banff classification for 
fulfillment of morphological, immunohistological, 
and serological tests.1 Patients with SGF were those 
who had stable serum creatinine levels for 6 months 
without significant proteinuria and less than 10% 
cortical surface area showing evidence of interstitial 
fibrosis and tubular atrophy on histology. These 
patients had an absence of C4d staining in 

peritubular capillaries and donor-specific antibodies 
in blood. 

This study was approved by the institutional 
ethics committee (ethics approval code-IEC.2012-117-
PhD-63), and signed written consent was obtained 
from patients and/or relatives. 
 
Sample collection 
Renal allograft biopsy was performed with the 
standard graft biopsy technique, and 3 cores of biopsy 
were obtained; 1 core was for histopathological 
diagnosis, and a second core was divided for 
immunofluorescence and electron microscopy 
examination. The third core was used for RNA 
isolation for gene transcript expression analysis by 
real-time polymerase chain reaction (PCR). 
Simultaneously, venous blood was collected in 
heparinized and plain vials for cellular flow 
cytometry and granzyme B level analysis. Granzyme 
B immunostaining was performed with the paraffin 
block of a routine biopsy core. All SGF patients 
included in this study agreed and consented for the 
graft biopsies. 
 
ımmunostaining for granzyme B in intragraft tissue 
Granzyme B immunostaining was performed with 
formalin-fixed, paraffin-embedded tissue sections 
using an anti-human mouse monoclonal antibody 
against granzyme B (1:100 dilution, Santa Cruz 
Biotechnology) in steps as mentioned in our previous 
study.14 
 
cytotoxic t-cell staining and analysis 
Whole blood cells were stimulated following the 
protocol mentioned in our previous study.15 We 
stained 100 μL of stimulated blood cells for analysis. 

We used 10 μL of peridinin-chlorophyll-cyanine  

5.5-conjugated mouse monoclonal anti-human CD3 
and 10 μL of allophycocyanin-conjugated mouse 

monoclonal anti-human CD8 antibody for surface 
staining following a brief incubation for 30 minutes 
in the dark at room temperature. After red blood cell 
lysis with red blood cell lysis buffer for 13 minutes, 
cells were fixed and permeabilized with BD 
Cytofix/Cytoperm fixation/permeabilization solution, 
followed by intracellular staining with 5 μL of 

phycoerythrin-conjugated mouse monoclonal anti-
human granzyme B antibody for 30 minutes. An 
appropriate fluorochrome-conjugated isotype-
matched antibody against CD8 and granzyme B was 
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used to nullify any false-positive signal and setting 
quadrate for differentiating positive population. All 
reagents and antibodies were purchased from BD 
Bioscience (BD Pharmingen). 

We used a BD FACSCalibur machine to acquire 
10 000 lymphocyte gated cells, and we analyzed the 
cells with FCS Express 6 software. The gating 
strategy was as follows: CD3+ T cells were calculated 
in the lymphocyte gate (gate 1); then in the CD3+  
T cell gate (gate 2), CD8+granzyme B+ (double-
positive) T cells were considered to be CTL. 
 
Serum granzyme B level detection 
Blood in plain vials were centrifuged at 1500 
revolutions per minute for 5 minutes, and serum was 
separated and stored at -80°C until analysis. Enzyme-
linked immunosorbent assay was performed with 
BioLegend LEGEND MAX human granzyme B 
ELISA kit. The minimum detection limit for the kit 
was 2.4 ± 1.2 pg/mL. 
 
Granzyme B gene expression analysis by taqMan 

real-time polymerase chain reaction 
We used a Polytron rotor/stator homogenizer 
(Kinematica) to homogenize the biopsy specimens, 
and we used a Qiagen RNA extraction mini kit to 
extract the RNA, according to the manufacturer’s 
protocol. The purity and concentration of RNA were 
determined on a NanoDrop spectrophotometer 
(Thermo Scientific). We checked the integrity of the 
RNA on a 1% agarose gel. To prepare copy DNA, we 
used SuperScript II RT reverse transcriptase 
(Invitrogen) to process 200 ng of RNA and random 
hexamer primer in a 20-μL reaction volume, 

following the manufacturer’s protocol. We used an 
Applied Biosystems GenAmp 7700 sequence 
detection system with a predesigned primer and 
probe for granzyme B (HS01554355_m1; Applied 
Biosystems) to perform TaqMan real-time PCR with 
2 μL cDNA in a 20-μL reaction volume. We used 

glucose-6 phosphate dehydrogenase (Hs99999905_m1) 
as an endogenous housekeeping control to normalize 
the RNA starting quantity. We used the 2-∆∆Ct method 
to calculate relative expression.16 
 
Statistical analyses 
We analyzed the data with SPSS software (version 
20), and continuous variables were analyzed with an 
independent t test. Data are expressed as mean 
values ± SD. We used the chi-square test and the 

Fischer exact test, whenever applicable, to analyze 
the categorical variables. We used the Pearson 
correlation matrix to analyze the correlations among 
the different variables. P < .05 with the 2-tailed test 
was considered to be significant. 
 
Results 
 
Baseline characteristics of patients 
The clinical characteristics of patients with CABMR 
and SGF are shown in Table 1. All patients were 
living donor organ recipients and related renal 
donors were spouse, parent, or sibling in both of the 
groups. Patients in the CABMR group had 
significantly reduced estimated glomerular filtration 
rate and hemoglobin and an increased level of serum 
creatinine and proteinuria. The histological grading 
of allograft injury in both groups is shown in Table 2. 
The histological scoring for peritubular capillaritis, 
glomerulitis, tubulitis, tubular atrophy, and inter -
stitial fibrosis was higher in CABMR compared with 
SGF patients. 
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table 1. Demographic and Clinical Characteristics of Patients With Stable 
Graft Function and Chronic Active Antibody-Mediated Rejection

Characteristic SGF (n = 10) CABMR (n = 32) P 

Patient age, y 44.30 ± 8.20 37.97 ± 12.78 .148 
Donor age, y 50.50 ± 6.68 50.65 ± 10.04 .964 
Patient sex, male:female 10:0 21:11 .031 
Donor sex, male:female 2:8 7:25 .90 
Patient relationship with donor  
     Spouse 6 (60%) 19 (59.3%) .80 
     Mother 2 (20%) 4 (12.5%) 
     Sister 0 (0%) 2 (6.25%) 
     Father 2 (20%) 5 (15.62%) 
     Brother 0 (0%) 2 (6.25%) 
Body mass index kg/m2 20.93 ± 4.64 21.85 ± 3.37 .492 
Posttransplant biopsy  
   interval, mo 46.70 ± 17.30 70.18 ± 34.48 .046 
eGFR, mL/min/1.73 m2 70.62 ± 22.14 44.60 ± 16.62 < .001 
Tacrolimus level, ng/mL 4.82 ± 0.98 5.57 ± 1.31 .102 
Hemoglobin, g/dL 12.94 ± 1.60 10.25 ± 1.34 < .001 
Total leukocyte count, ×103 8.3 ± 2.1 8.03 ± 5.08 .839 
Blood urea nitrogen, mg/dL 25.79 ± 13.35 40.55 ± 11.79 .002 
Baseline creatinine, mg/dL 0.81 ± 0.47 0.88 ± 0.42 .64 
Serum creatinine, mg/dL 1.21 ± 0.18 2.40 ± 0.80 < .001 
Proteinuria, g/d 0.16 ± 0.085 2.94 ± 1.54 < .001 
Urine creatinine, mg/dL 0.81 ± 0.28 0.68 ± 0.26 .178 
HLA mismatch 3.41 ± 0.69 3.15 ± 0.62 .303 
Induction  
Basiliximab 2 7 .870 
Antithymocyte globulin 3 7 
No induction 5 18 
Immunosuppression,  
   mycophenolate + prednisolone  
     Cyclosporine 0 3 .315 
     Tacrolimus 10 29 

Abbreviations: CABMR, chronic active antibody-mediated rejection; eGFR, 
estimated glomerular filtration rate; HLA, human leukocyte antigen; SGF, 
stable graft function  



circulating cytotoxic t-cell profiles of the patients 
The frequency of CD3+ T cells and CD3+CD8+ T cells 
was similar in both groups. However, the frequency 
of CD3+CD8+granzyme B+ CTL was significantly 
lower in the CABMR group than in the SGF group 
(Table 3, Figure 1). 
 
ıntragraft granzyme B+ cell count and mrNA 

expression 
Intragraft granzyme B+ cell count (per mm2) and 
granzyme B mRNA expression were significantly 
higher in the CABMR group than in the SGF group 
(Figure 2). 

ıntragraft granzyme B+ cell count was positively 

correlated with graft function parameters 
Intragraft granzyme B+ cell count (per mm2) was 
positively correlated with the 24-hour proteinuria 
level and the serum creatinine level but negatively 
correlated with the estimated glomerular filtration 
rate (Figure 3). 
 
Serum granzyme B level 
Serum granzyme B level was significantly higher in 
the CABMR group than in the SGF group (Figure 
3D). 
 
Discussion 
 
In this study, the most crucial observation was a 
lower frequency of circulating CTL and higher serum 
granzyme B level and intragraft granzyme B+ cell 
count in CABMR patients compared with results 
shown in SGF patients. These findings suggested a 
pathogenic association of CTL with allograft injury 
in cases of CABMR. Ashton-Chess and colleagues 
have also observed that granzyme B mRNA 
transcript expression was significantly increased in 
the graft and significantly decreased in the peripheral 
blood of patients with CABMR.17 They have also 
emphasized that the quantification of peripheral 
blood granzyme mRNA may have the potential to 
aid in the noninvasive diagnosis of CABMR. 

The persistent allo-stimulating signal leads to CTL, 
activation, and increased synthesis of granzyme  
B mRNA and protein.18,19 The low frequency of 
circulating cell CD3+CD8+granzyme B+ T cells 
compared with that of SGF patients may be caused by 
the sequestration of granzyme B+ T cells into the 
intragraft tissue in cases of CABMR. CD8+ T cells in 
peripheral circulation also released granzyme B into 
the serum, which may have subsequently sequestered 
into the graft and thereby mediated allograft injury. 
The activated CTL acquire different homing transient 
surface molecules such as the HML-1, human 
mucosal lymphocyte, the VLA-4 very late activation 
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table 2. Comparison of Histological Scoring Per the 2017 Banff Criteria  
for Stable Graft Function and Chronic Active Antibody-Mediated  
Rejection

SGF (n = 10) CABMR (n = 32) P 

Peritubular capillaritis 
     ptc0 9 2 < .001 
     ptc1 1 7 
     ptc2 0 8 
     ptc3 0 15 
Glomerulitis 
     g0 9 3 < .001 
     g1 1 14 
     g2 0 12 
     g3 0 3 
Tubulitis 
     t0 9 11 .009 
     t1 1 20 
     t2 0 1 
     t3 0 0 
Interstitial inflammation 
     i0 8 18 < .38 
     i1 2 13 
     i2 0 1 
     i3 0 0 
Intimal arteritis 
     v0 9 14 .083 
     v1 1 13 
     v2 0 4 
     v3 0 1 
Tubular atrophy 
     ct0 6 6 .027 
     ct1 4 19 
     ct2 0 7 
     ct3 0 0 
Interstitial fibrosis 
     ci0 10 3 < .001 
     ci1 0 21 
     ci2 0 8 
     ci3 0 0 
Fibrointimal thickening 
     cv0 10 20 .072 
     cv1 0 8 
     cv2 0 4 
     cv3 0 0 
Arteriolar hyalinosis 
     ah0 9 24 .58 
     ah1 1 7 
     ah2 0 1 
     ah3 0 0 

Abbreviations: CABMR, chronic active antibody-mediated rejection; SGF, 
stable graft function  

table 3. Circulating Cytotoxic T-Cell Frequency in Stable Graft Function and 
Chronic Active Antibody-Mediated Rejection

Characteristic SGF (n = 10) CABMR (n = 32) P 

CD3+ T cells, % 66.08 ± 6.89 66.2 ± 8.70 .96 
CD3+CD8+ T cells, % 37.29 ± 4.11 36.70 ± 4.38 .77 
CD3+CD8+granzyme B+ T  
   cells, % 27.96 ± 4.86 15.38 ± 3.29 < .001 

Abbreviations: CABMR, chronic active antibody-mediated rejection; SGF, 
stable graft function 
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Figure 1. Frequency of Cytotoxic T Cells Analyzed by Flow Cytometry

Abbreviations: APC, allophycocyanin; CABMR, chronic active antibody-mediated rejection; FSC-H, forward scatter-height; PE, 
phycoerythrin; PercpCy5.5, peridinin-chlorophyll-cyanine 5.5; SGF, stable graft function; SSC-H, side scatter-height  
There were 10 000 lymphocytes gated in gate 1, and CD3 cells were analyzed in gate 2. In gate 2, a CD8+granzyme B+ cell was 
considered to be a cytotoxic T cell. 

Figure 2. Intragraft Granzyme B mRNA and Protein Expression Analyzed by Real-Time Polymerase Chain Reaction and 
Immunohistochemistry

Abbreviations: a.u., arbitrary unit; CABMR, chronic active antibody-mediated rejection; SGF, stable graft function  
Five high-power fields per slide (magnification, ×200) were analyzed to count the granzyme B+ cells. The result was expressed in 
terms of the number of granzyme B+ counts per mm2. 
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antigen, the LFA-1 leukocyte function-associated 
antigen, CD103, and the CXCR3 chemokine receptor, 
which helps in intragraft sequestration and adherence 
of CTL via the cognate receptor expressed on activated 
endothelium and epithelial cells of allograft tissues, for 
example, the ICAM-1 intercellular adhesion molecule, 
the MCP-1 monocyte chemoattractant protein, the 
MIP-1α macrophage inflammatory protein, and 

integrin αE(CD103)β7.20,21 Higher granzyme B+ cell 

count on immunohistochemistry in our findings also 
suggests activation and infiltration from circulating 
blood into the graft tissue, similar to Ashton-Chess 
and colleagues.17 Although we did not stain T-cell-
specific markers, there may be possible involvement 
of natural killer (NK) cells in granzyme B release in 
graft tissue. 
 
Protease granzyme B has a pleiotropic function 
Granzyme B may have systemic and local effects 
leading to graft injury and activation of inflammatory 
cells in circulating blood.22 Granzyme B is a serine 
protease of broad substrate specificity, cleaves 
cytoskeleton proteins, matrix metalloproteinase, 
nuclear lamina of a cell, and activates proinf lammatory 
cytokines interleukin 1β linked with many 

inflammatory diseases.7,22 Granzyme B cleaves 
extracellular matrix protein and releases active 
transforming growth factor β from cells into the 

interstitial space, which may induce fibrosis and de 
novo differentiation of regulatory T cells.23 

Simultaneously, increased regulatory T cells in the local 
milieu at the site of injury helps in suppressing the 
inflammatory cell and sustaining the inflam mation for 
longer duration and perpetuating the allograft 
injury.17,24 

Cytotoxic T cells also mediate target cell death  
by activating executor caspase 3 and reactive  
oxygen species formation by cleavages of  
NDUFV1, NDUFS1, and NDUFS2 subunits of the 
NADH:ubiquinone oxidoreductase complex I inside 
mitochondria,23,25 which may lead to the death of 
graft cells and graft dysfunction. Our findings also 
suggest an association between graft dysfunction 
and granzyme B-mediated injury. There was a 
significant positive correlation between tissue 
granzyme B-positive cell count and degree of 
proteinuria and serum creatinine level and a negative 
correlation with the decline in estimated glomerular 
filtration rate in our study. 

To circumvent the devastating effects of granzyme 
B, peritubular epithelial cells of allografts also express 
a higher level of granzyme inhibitor protease, serpin 
proteinase inhibitor 6, which binds to granzyme B 
covalently and inhibits granzyme B-mediated tubular 
cell damage; however, one of the studies has already 
shown that serpin proteinase inhibitor 6 could not 
prevent subclinical injury in acute rejection.26 An 
inhibition of a caspase 3/reactive oxygen species 
inhibitor like isatin sulfonamide, ascorbate, or 
tocopherol may have beneficial effects in retarding 
granzyme B-driven CABMR. However, this requires 
further study before use in practice. Recently, 
inflammatory cells with inflammation and fibrosis 
and tubular atrophy region of the microscopy 
showed association with rapid progression and graft 
failure. In our previous study, we have demonstrated 
that T-bet-positive cells in allografts were associated 
with poor prognosis.14 

The major limitation of our study was that we had 
not investigated perforin expression in CTL required 

Figure 3. Intragraft Granzyme B+ T-Cell Count Correlation With Graft Function Parameters

Abbreviations: CABMR, chronic active antibody-mediated rejection; eGFR, estimated glomerular filtration rate; SGF, stable graft function 
Pearson correlations for the number of intragraft granzyme B+ cell counts (per mm2) were positively correlated for (A) 24-hour proteinuria 
and (B) serum creatinine levels. (c) However, the estimated glomerular filtration rate was negatively correlated with granzyme B+ cell counts 
(per mm2). (D) Serum granzyme B level was measured by enzyme-linked immunosorbent assay.
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for granzyme B delivery and coexpression of 
CD8+granzyme B+ (double-positive) T cells in 
intragraft tissue. The exact mechanisms of granzyme 
B-induced injury, whether by caspase or reactive 
oxygen species dependent in the allograft, remain 
unclear. Therefore, a more comprehensive study is 
required to fully understand the role of CTL and NK 
cells, which release granzyme B in cases of CABMR. 
 
Conclusions 
 
Higher granzyme B+ cell count in renal allograft 
tissue in patients of CABMR compared with that of 
SGF patients indicates granzyme-mediated covert 
injury in patients with CABMR. Graft tissue granzyme 
level was also associated with graft dysfunction in 
CABMR. Persistent allogeneic stimulation to the CTL 
leads to increased synthesis and release of granzyme 
B. Activated CTL infiltrates into the different 
compartments of the allograft and mediates granzyme 
B-dependent injury, resulting in the development of 
chronic allograft dysfunction and, ultimately, graft loss. 
Inhibition of granzyme B synthesis/release and 
prevention of CTL sequestration in intragraft tissue 
may be useful strategies for the prolongation of graft 
survival in the future. 
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Abstract 
 
Objectives: Multiorgan procurement involving thoracic 
organs prolongs the liver recovery cross-clamp time. 
This may impact the outcome of hepatic allograft, 
more so in older donors (age > 60 years). We compared 
the outcomes of liver allografts from older donors with 
and without recovery of thoracic organs. 
Materials and Methods: Using the Scientific Registry of 
Transplant Recipients database, we compared survival 
outcomes of 258 adults who received a liver allograft 
from older donors with thoracic organ recovery (group 
A) with 6006 patients who received liver allografts 
from older donor without thoracic organ recovery 
(group B). Furthermore, we performed a subgroup 
analysis matched for recipient and donor risk factors 
including presence of hypertension, diabetes mellitus, 
renal function, donor age, and use of inotropes. For 
the final analyses, there were 159 patients in group A 
and 468 in group B. 
Results: The 1-month, 1-year, 3-year, and 5-year patient 
survival rates in group A were 95%, 91.6%, 70.1%, and 
65.5% compared with 95%, 92%, 70%, and 57.7% in 
group B, respectively (P = .695). Graft survival rates for 
group A at the same time points were 91.5%, 81.0%, 
71.7%, and 57.4% compared with 91.3%, 81.1%, 61.9%, 
and 50.4% in group B, respectively (P = .791). In the 
matched population, patient survival rates at 1 month, 
1 year, 3 years, and 5 years were 95%, 83.1%, 77.1%, and 
68.8% compared with 94.4%, 81.6%, 72.2%, and 66.8% 

in group B, respectively (P = .69). Graft survival rates at 
the same time points were 88.7%, 76.8%, 71.5%, and 
63.1% in group A and 90.0%, 77.5%, 70.4%, and 62.5% 
in group B, respectively (P = .956). 
Conclusions: Liver procurement with or without 
recovery of thoracic organs from donors > 60 years old 
does not affect liver grafts and recipient outcomes  
in the short-term or long-term and should be 
encouraged. 
 
Key words: Graft and patient survival posttransplant, 
Multiorgan procurement, Scientific Registry of Transplant 
Recipients, United Network for Organ Sharing 
 
Introduction 
 
There has been a steady increase in demand for solid-
organ transplants in the past 2 decades.1,2 However, 
the donor pool has largely remained stagnant. To 
decrease wait list time and mortality for liver and 
thoracic organ transplants, the number of older 
candidates selected as donors is increasing.3,4 Several 
reports have suggested that survival outcomes for 
recipients of thoracic organs and livers are similar 
compared with younger donors, although many 
authors have suggested that these improvements 
may be the result of a higher level of care and 
consideration during the process of donor selection 
and recipient matching.5-9 With a shortage of donor 
organs, the selection of older donors is more prevalent 
than in the past. Simultaneous procurements of 
thoracic organ(s) from older donors have been 
reported, to increase the donor pool. It is postulated 
that the increase in cross-clamp time for liver recovery 
during simultaneous thoracic organ procurement 
could potentially worsen recipient and/or graft 
outcomes, more so when older donors are used. The 
increase in cross-clamp time could lead to primary 
nonfunction and may result an increase in the rate of 
30-day retransplant or mortality5-7 or cholangiopathy 
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in the long-term. After a comprehensive literature 
survey, we found no previously published studies on 
survival outcomes of liver transplant recipients who 
had received livers from older donors with 
simultaneous recovery of thoracic organs. 

In this study, we compared survival rates for 
recipient and grafts for liver transplants from older 
donors (age > 60 years) when the liver was procured 
with (group A) or without simultaneous procurement 
of thoracic organs (group B). 
 
Materials and Methods 
 
We reviewed the United Network for Organ Sharing 
(UNOS) database from 1987 to 2010 after obtaining 
approval from the Institutional Review Board.5 The 
data included all liver recoveries from donors in the 
United States. The study population was divided 
into 2 groups. Group A consisted of simultaneous 
abdominal and thoracic organs procurement, and 
group B included procurement of abdominal organs 
only. Recipient survival, graft survival, and the rates 
of retransplant in both groups were calculated. 

There was a total of 6322 older donors (age > 60 
years) selected during the study period. There were 
60 donors with inadequate data, and they were 
excluded from the study. Available cases for the 
study were divided into 2 groups. Group A (study 
group) included 258 recipients who had received 
livers from deceased donors with simultaneous 
thoracic organ recovery. Group B (control group) 
included 6006 recipients who had received livers from 
abdominal organ donors only. The demographic data 
for donors and recipients are presented in Tables 1 and 
2, respectively. We accounted for the differences in 
donor and recipient risk factors and matched 159 
donors from group A to 468 donors from group B for 
all variables (Table 3). The matched population data 
from groups A and B were then analyzed. All 
patients were followed up for a mean duration of 5 
years. All of the donors were deceased. 
 
Statistical analyses 
All data are presented as mean values with standard 
deviation (SD). We performed comparisons of mean 
with 2-tailed t tests for continuous variables and with 
the Pearson chi-square test for categorical variables. 
We used the Kaplan-Meier method to estimate 
patient and graft survival, and we used the log-rank 
test (SPSS, version 25.0; SPSS, Inc.) to compare 

survival differences in the 2 groups. P < .05 was 
considered significant. 
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table 1. Donor Demographics

Donor Factor Group A Group B P 
(n = 258) (n = 6006)  

Age ± SD, y 63.6 ± 2.7 67.7 ± 5.5 < .001* 
Age 61 to < 65 y .001* 
     No. (%) 182 (70.54) 2132 (35.49)  
     Mean age ± SD, y 62.1 ± 1.08 62.4 ± 1.1 
Age ≥ 65 to >70 y < .001* 
     No. (%) 76 (29.5) 3874 (64.5) 
     Mean age ± SD, y 67 ± 2.37 70.6 ± 4.8 
Female-to-male ratio 143:115 (1.24:1) 3158:2848 .37 

(1.14:1) 
Diabetes mellitus, No. (%) 
     No 210 (81.4) 4695 (78.2)  
     Yes 30 (11.6) 934 (15.6) .22 
     Unknown 18 (7.0) 377 (6.2) 
Hypertension, No. (%)  
     No 115 (44.6) 2115 (35.2) 
     Yes 124 (48.0) 3486 (58.0) .005* 
     Unknown 19 (7.4) 405 (6.8) 
Mean donor BMI ± SD 26 ± 6.14 29 ± 6.66 .39 
Inotropic support, No. (%) 117 (45.3) 2246 (37.4) .01*

table 2. Recipient Demographics

Recipient Factos Group A Group B P 
(n = 258) (n = 6006)  

Mean age ± SD, y 53 ± 11.4 54 ± 10.8 .17 
Male-to-female ratio 1.8:1 1.7:1 .59 
Ethnicity, No. (%)  
     White 190 (73.6) 4536 (75.5)  
     Hispanic 35 (13.6) 754 (12.6) .8 
     African American 18 (7) 434 (7.2)  
     Asian 15 (5.8) 282 (4.7)  
Diagnosis, No. (%)  
     Viral infection 75 (29.1) 1756 (29.2)  
     EtOH 45 (17.4) 899 (15)  
     EtOH + HCV 19 (7.4) 317 (5.3)  
     Cryptogenic 22 (8.5) 685 (11.4) .4 
     Autoimmune hepatitis 6 (2.3) 169 (2.8) 
     NASH 7 (2.7) 230 (3.8) 
     HCC 34 (13.1) 625 (10.4) 
     Metabolic syndrome 9 (3.5) 176 (2.9) 
     Cholestasis 25 (9.7) 728 (12.1) 
     Other 16 (6.2) 421 (7) 
Liver function (mean ± SD)  
     Serum bilirubin, mg/dL 7.1 ± 9.2 7.5 ± 10.2 .59 
     Serum albumin, g/dL 2.9 ± 0.7 2.9 ± 0.7 .64 
     Serum creatinine, mg/dL 1.3 ± 1 1.4 ± 1.2 .33 
Mean INR ± SD 1.7 ± 0.6 1.8 ± 1.7 .39 
Mean WIT ± SD, min 44.1 ± 20.1 44.1 ± 20.6 .64

Abbreviations: BMI, body mass index (calculated as weight in kilograms 
divided by height in meters squared) 
Ratio is shown as No. of patients (with the reduced decimal value in 
parentheses). Group A consisted of adults who received a liver allograft from 
older donors with thoracic organ recovery; group B received a liver allograft 
from older donors without thoracic organ recovery. *Statistically significant. 

Abbreviations: EtOH, ethyl alcohol; HCC, hepatocellular carcinoma; HCV, 
hepatitis C virus; INR, international normalized ratio; NASH, nonalcoholic 
steatohepatitis; WIT, warm ischemia time 
Ratio is shown as reduced decimal values. Group A consisted of adults who 
received a liver allograft from older donors with thoracic organ recovery; 
group B received a liver allograft from older donors without thoracic organ 
recovery. 



Results 
 
The recipient demographics are shown in Table 2. 
There were 254 older donors (4.12%) who were used 
for combined thoracic organ and liver recoveries. The 
overall patient survival rates at 1 month, 1 year, 3 
years, and 5 years in group A were 95.%, 91.6%, 
70.1%, and 65.5% compared with 95%, 92%, 70%, and 

57.7% in group B, respectively (P = .695) (Figure 1). 
Also, graft survival rates at identical time points for 
group A were 91.5%, 81.0%, 71.7%, and 57.4% and for 
group B were 91.3%, 81.1%, 61.9%, and 50.4%, 
respectively (P = .791) (Figure 2). 

Although the overall recipient and graft survival 
rates in both groups were not statistically different, 
we did observe an apparent difference in survival at 
5 years. The patient survival rate was 7.8% lower and 
the graft survival rate was 7.3% lower in group B 
compared with group A. All donors were > 60 years 
old in both groups. On detailed examination of 
demographics, we found significant differences in 
the risk factors between groups A and B. The mean 
values for donor age and for number of donors > 65 
years old were significantly higher in group B. Mean 
serum creatinine values were higher in group B but 
did not reach statistical significance (P = .078). Also, 
rates of hypertension and diabetes mellitus were 
significantly higher in group B. In group A, the  
need for inotropes was significantly higher (Table 1). 
The differences between the donor and recipient 
characteristics in groups A and B were compatible. 
Therefore, the 159 donors from group A were 
matched for all the variables with the 468 donors in 
group B (Table 3). This matched population was then 
reexamined with regard to patient and graft survival. 

The patient survival rates for the matched 
population in group A at 1 month, 1 year, 3 years, and 
5 years were 95%, 83.1%, 77.1%, and 68.8% compared 
with 94.4%, 81.6%, 72.2%, and 66.8% in group B, 
respectively (P = .69) (Figure 3). Graft survival rates at 
1 month, 1 year, 3 years, and 5 years were 88.7%, 76.8%, 
71.5%, and 63.1% in group A and 90.0%, 77.5%, 68.4%, 
and 62.5% in group B, respectively (P = .956) (Figure 
4). In the matched population, recipient and graft 
survival rates were almost identical, at each time point. 
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table 3. Characteristics of Donors and Recipients

Group A Group B
(n = 258) (n = 468)  

Donor Factors 
Median age ± SD, y 63.3 ± 2.4 63.2 ± 2.2 
Male-to-female ratio 0.7:1 0.5:1 
Ethnicity, No. (%)  
     White 134 (84.3) 394 (84.2) 
     Hispanic 11(6.9) 39 (8.3) 
     African American 7 (4.4) 23 (4.9) 
     Asian 7 (4.4) 12 (2.6) 
Mean BMI ± SD 25.1 ± 3.8 25.8 ± 4.8 
Diabetes, No. (%) 2 (1.3) 2 (0.4) 
Hypertension, No. (%) 60 (37.7) 115 (24.6) 
Cause of death, No. (%)  
     CVA 124 (78) 382 (81.6) 
     Anoxia 4 (2.6) 32 (6.8) 
     Head trauma 27 (17) 53 (11.3) 
     CNS tumor 4 (2.5) 1 (0.2) 
Mean serum creatinine ± SD, mg/dL 0.9 ± 0.4 0.9 ± 0.2 
Mean aspartate aminotransferase ± SD, U/L 50.7 ± 51.4 54.4 ± 80 
Inotropic support, No. (%) 71 (44.7) 95 (20.3) 
Mean CIT ± SD, h 7.5 ± 3.9 8.1 ± 4.2 

Recipient Factors 
Median age ± SD, y 53.1 ± 11.3 53 ± 10.8 
Male-to-female ratio 1.9:1 1.8:1 
Ethnicity, No. (%)  
     White 115 (72.3) 353 (75.4) 
     Hispanic 24 (15.1) 64 (13.7) 
     African American 11 (6.9) 28 (6) 
     Asian 9 (5.7) 23 (4.9) 
Diagnosis, No. (%)  
     Viral infection 44 (27.7) 157 (33.6) 
     EtOH 28 (17.6) 82 (17.5) 
     EtOH + HCV 12 (7.5) 27 (5.8) 
     Cryptogenic 14 (8.8) 50 (10.7) 
     Autoimmune hepatitis 4 (2.5) 18 (3.8) 
     NASH 5 (3.1) 13 (2.8) 
     HCC 23 (14.5) 32 (6.8) 
     Metabolic syndrome 6 (3.8) 9 (1.9) 
     Cholestasis 12 (7.5) 48 (10.3) 
     Other 11 (6.9) 32 (6.8) 
Liver function, mean ± SD  
     Serum bilirubin, mg/dL 6.8 ± 9 7.7 ± 11.4 
     Serum albumin, g/dL 2.9 ± 0.7 2.9 ± 0.8 
     Serum creatinine, mg/dL 1.2 ± 0.5 1.4 ± 1.3 
Mean INR ± SD 1.8 ± 0.6 1.8 ± 1 
Mean WIT  ± SD, min 44.1 ± 21.8 42.7 ± 20.1 

Abbreviations: BMI, body mass index (calculated as weight in kilograms 
divided by height in meters squared); CIT, cold ischemia time; CNS, central 
nervous system; CVA, cerebrovascular accident; EtOH, ethyl alcohol; HCC, 
hepatocellular carcinoma; HCV, hepatitis C virus; INR, international 
normalized ratio; NASH, nonalcoholic steatohepatitis; WIT, warm ischemia 
time 
Ratio is shown as reduced decimal values. Group A consisted of adults who 
received a liver allograft from older donors with thoracic organ recovery; 
group B received a liver allograft from older donors without thoracic organ 
recovery. 

Figure 1. Patient Survival After Liver Transplant in Group A and Group B

Data for groups A and B are in percent, showing adults who received a liver 
allograft from older donors with thoracic organ recovery (group A) or who 
received a liver allograft from older donors without thoracic organ recovery 
(group B). 



Discussion 
 
There is a growing disparity between the supply and 
demand for organs for transplant. The past 3 decades 
have shown that the annual rate of solid-organ 
transplant exceeds the annual rate of deceased donor 
organ donation.5 

In 2000, we reported 4000 consecutive liver 
transplants from a single center between 1981 and 
1998. We observed that organ donation rates from 
donors > 50 years old had increased from 6% 

between years 1981 and 1985 to 11% between years 
1986 and 1990. There was a further increase to 21% 
between 1990 and 1998.10 Since 1988, the UNOS 
database has shown a rising trend of organ use from 
older donors.3,5 Multiple studies have also suggested 
successful use of older donors for liver, heart, and 
lung transplants. 

In a review of literature for liver transplantation, 
Neipp and colleagues reported on 1208 transplants 
between 1990 and 2002.11 There were 67 donors who 
were > 60 years old and had outcomes similar to 
younger donors. Macedo and colleagues observed 
worse outcome from donors > 50 years old.12 They 
suggested closer monitoring of recipients when older 
donors are selected. Sampedro and colleagues showed 
similar outcomes for donors > 75 years old (n = 24) 
compared with donors < 75 years old (n = 174).13 The 
operative time was longer in older donors, and the 
authors suggest that careful donor selection may 
reduce recipient mortality and morbidity. Faber and 
colleagues examined 272 liver transplant recipients 
and divided the donors into the following age 
groups: < 50 years, from 50 to 59 years, from 60 to  
69 years, and ≥ 70 years.7 They concluded similar 
rates of survival for patients and grafts; however, 
ischemic biliary lesion rates were significantly higher 
with donors ≥ 70 years old.7 Chapman and 
colleagues reported on 1036 adult recipients and 
showed comparable outcomes in graft and patient 
survival from donors ≥ 60 years old, regardless of 
recipient age, without an increase in complication 
rate.14 Bertuzzo and colleagues, in a single-center 
European study, concluded that the outcomes from 
liver donors > 70 years old were comparable, with 
appropriate donor management.15 

In a review of literature for heart transplant, 
Bennett and colleagues reported a higher relative risk 
of survival with donors > 50 years old; however, 
mortality risk without transplant was even higher.16 

Loebe and colleagues compared 167 recipients of 
organs from donors > 50 years old with 524 recipients 
of organs from donors < 35 years old and with 379 
recipients of organs from donors 35 to 50 years old.8 

They found no significant difference at midterm 
follow-up. Blanche and colleagues reported survival 
rates after heart transplant from donors > 50 years 
old were no different from donors < 50 years old  
(N = 267).6 However, older donors were carefully 
selected in this study. Macedo and colleagues in 2010 
reported contradictory findings, with lower rates for 
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Figure 3. Patient Survival After Liver Transplant for Matched Population in 
Groups A and B

Figure 4. Graft Survival After Liver Transplant for Matched Population in 
Groups A and B

Data for groups A and B are in percent, showing adults who received a liver 
allograft from older donors with thoracic organ recovery (group A) or who 
received a liver allograft from older donors without thoracic organ recovery 
(group B). 

Data for groups A and B are in percent, showing adults who received a liver 
allograft from older donors with thoracic organ recovery (group A) or who 
received a liver allograft from older donors without thoracic organ recovery 
(group B). 

Figure 2. Graft Survival After Liver Transplant in Group A and Group B

Data for groups A and B are in percent, showing adults who received a liver 
allograft from older donors with thoracic organ recovery (group A) or who 
received a liver allograft from older donors without thoracic organ recovery 
(group B). 



patient and graft survival from donors > 50 years 
old.12 They concluded that older recipients needed 
younger donors and recommended more robust 
follow-up for the first 18 months after heart 
transplant. Daniel and colleagues reported similar 
conclusions, with higher mortality in donors > 50 
years old and recipients > 60 years old.17 

For lung transplantation, DuBose and Salim 
suggested aggressive donor management to bridge 
the gap between organ supply and organ demand.18 

Shigemura and colleagues reported a single-center 
experience with 593 lung transplants that included 
87 of donors > 55 years old (14.7%).9 The outcomes 
were comparable with outcomes in younger donors 
< 55 years old. They observed increased mortality in 
transplants from older donors to older recipients with 
pulmonary hypertension or those requiring lung-
cardiopulmonary bypass. However, they observed  
that donor age > 55 years should not be an exclusion 
criteria.9 They concluded that careful recipient 
selection criteria and meticulous surgical planning is 
required to improve outcomes. 

We reviewed the UNOS national database for all 
organ transplantation from 1988 onward and 
investigated trends during the past 30 years.5 For 
liver recipients, the number of elected donors 50 to 
64 years old has increased from 13.8% in 1990 to 
24.4% in 2020. Simultaneously, the number of 
selected donors who were ≥ 65 years old has 
increased from 1.8% in 1990 to 7.7% in 2020. 
Similarly, for heart recipients, the number of selected 
donors between 50 and 60 years old has increased 
from 3.7% in 1990 to 9.5% in 2000; however, there has 
been a small decrease to 7.4% in 2020. For heart 
donors ≥ 65 years old, the rate of donation has been 
0.16% during the past 20 years. Interestingly, for lung 
recipients, the rate of donation for donors 50 to 64 
years old was 1.8% in 1990 with an increase to 10.5% 
in 2000, 15.8% in 2010, and 15.0% in 2020, thus far. 
For lung recipients, donors ≥ 65 years old, continues 
to remain low (albeit, slightly better than for heart 
recipients) and accounts for 1.2% of lung transplants 
in the past 20 years (Figure 5). 

There is sufficient evidence to support the use of 
older donors for liver, heart, and lung transplants. 
Thoracic organ procurement prolongs the cross-clamp 
time and may adversely affect liver outcomes when the 
liver is simultaneously recovered. However, to date, 
the data regarding simultaneous liver and thoracic 
organ procurement from older donors are scant.  

In the present study, we have shown that in well-
matched recipients and donors, the recipient and graft 
survival rates after liver transplant are comparable 
with those with and without simultaneous thoracic 
organ procurement. 
 

Conclusions 
 
From 1987 to 2010, less than 9% of the donors between 
the ages of 60 and 65 years were selected for combined 
thoracic and abdominal organ procurement. Our 
study shows that use of liver allografts from donors  
> 60 years old with or without simultaneous thoracic 
organ procurement has no effect on short-term or 
long-term and recipient or graft survival outcomes. 
Furthermore, survival outcomes were no different 
when donor characteristics were matched for age, 
presence of diabetes mellitus, hypertension, use of 
inotropes, and renal function. We conclude that 
procurement of thoracic organs with or without liver 
from donors > 60 years old does not affect long-term 
or short-term and liver graft or recipient outcomes 
and should be encouraged. 
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Abstract 
 
Objectives: This study aimed to compare the impact of 
deceased-donor organ procurement techniques 
(standard versus modified standard) on biochemical 
outcomes after liver transplant. 
Materials and Methods: From February 2006 to 
December 2013, organs were recovered from 105 
consecutive deceased donors by our transplant team. 
All organ procurement procedures were performed by 
a pioneer surgeon experienced in organ recovery from 
deceased donors. Donors were divided into those who 
had the abdominothoracic approach, which is referred 
to as the standard technique, and those who had the 
abdominal approach, which is referred to as the 
modified standard technique. Both groups were 
compared in terms of age, sex, weight, height, body 
mass index, liver graft weight, cross-clamping time, 
cold ischemia time, and liver function tests in 
recipients over the first 3 postoperative days. 
Results: Our study group included 66 male and 39 
female donors, with an age range of 1 to 93 years 
(median of 44 y, means ± standard deviation of  
43.8 ± 23.7 y). Among the deceased donors, 73 
underwent the modified standard technique and 32 
underwent the standard technique. There were no 
statistically significant differences between groups in 
terms of age, sex, weight, height, body mass index, graft 
weight, cold ischemia time, and liver function tests in 
recipients over the first 3 postoperative days. We 
observed a statistically significant difference between 
groups in terms of cross-clamping time (P < .001). 
Conclusions: Except for the decreased cross-clamping 
time, the modified standard technique for deceased 

organ retrieval had no effect on clinical outcomes in 
recipients after liver transplant. However, this 
retrospective study requires additional prospective 
investigations to more fully understand the 
differences. 
 
Key words: Deceased-donor liver transplantation, 
Modified standard organ procurement technique, 
Standard organ procurement technique 
 
Introduction 
 
Solid-organ transplantation has become the criterion 
standard treatment modality for many diseases, 
especially chronic organ failure. The first successful 
kidney transplant to a human was performed in the 
1950s. Subsequently, successful liver, heart, and 
pancreas transplant procedures were performed in 
the 1960s. At the beginning of the 1980s, successful 
lung and intestinal transplants were done.1 Along 
with developments in surgical techniques and the 
discovery of immunosuppressive drugs to better 
prevent graft rejection, solid-organ transplantation 
has become a hope for thousands of people who have 
no other options for their disease.2,3 

Deceased organ donors are the most important 
source for organ transplant in Western countries, 
which is in contrast to the use of living donors in 
many underdeveloped countries.4 One of the main 
differences between living and deceased donors is 
the incision technique used during the organ 
procurement process. For recovery of organs from 
deceased donors, thoracoabdominal cavities are 
routinely opened via midline incision extending  
from the suprasternal notch to the symphysis pubis. 
This procedure is called the thoracoabdominal 
approach or the standard organ procurement 
technique (SOPT).5,6 When intrathoracic organ 
retrieval is not needed, intraabdominal organs can be 
recovered through abdominal incisions without 
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sternotomy. This approach, which is referred to as the 
modified standard organ procurement technique 
(MSOPT), can reduce time to cold preserving 
solution perfusion and may provide rapid organ 
retrieval.5 Herein, we aimed to compare the effects of 
deceased-donor recovery techniques on biochemical 
outcomes after liver transplant. 
 
Materials and Methods 
 
From February 2006 to December 2013, 105 
consecutive deceased donors underwent organ 
procurement procedures by the Inonu University 
Liver Transplant Institute team. All procurement 
procedures were performed by a pioneer surgeon 
who is experienced in organ recovery from deceased 
donors. Procurement procedures were performed 
with the abdominothoracic approach in 32 deceased 
donors (SOPT group) and with the abdominal 
approach in 73 deceased donors (MSOPT group). 
Both groups were compared in terms of age, sex, 
weight, height, body mass index, liver graft  
weight, time to cross-clamping, cold ischemia  
time, blood group (A, B, AB, O), and liver function 
tests in the first 3 posttransplant days in recipients. 
Cross-clamping time was defined as the time 
between initiation of the incision and start of cold 
perfusion. Cold ischemia time was defined as the 
time interval between application of deceased-donor 
aortic cross-clamp and release of recipient cross-
clamp. 
 
Standard organ procurement technique  
A midline incision was made from the suprasternal 
notch to just above the symphysis pubis. Long 
incision provides better exposure for removal of 
heart, both kidneys, the liver, and other thora -
coabdominal viscera. Complete mobilization of the 
distal small bowel, right colon, and duodenum was 
performed to allow for identification of the distal 
aorta, iliac bifurcation, and the distal inferior vena 
cava. The infrarenal aorta served as the site for 
insertion of the canula, which allowed flushing of the 
organs with cold preservation solution. The 
supraceliac aorta was encircled, followed by  
limited dissection of the hepatic hilum and the 
pancreas. The portal system was cannulated  
via the inferior mesenteric vein, and the organs were 
flushed with preservation solution and topically 
cooled with slush. The thoracic organs, liver, 

pancreas, and kidneys were then consecutively 
removed.5,6 

 
Modified standard organ procurement technique 
The abdominal cavity was opened with a longitudinal 
midline incision from xiphoid to symphysis pubis and 
a transverse incision extending 1 cm above umbilicus 
to both flank regions. The inferior vena cava was 
suspended from the superior of the left renal vein in 
accordance with the Cattell and Braasch maneuver. 
The inferior mesenteric vein was suspended, and a 
cannula was inserted into it. The distal abdominal 
aorta was turned and suspended near the iliac 
bifurcation, and a cannula was placed into it. Both 
hemidiaphragms were opened anteriorly, in a lunar-
type shape, near the costochondral region. The 
opening of the inferior vena cava was detected  
in the right atrium on pericardia. After a cross-clamp 
was placed on the supraceliac abdominal aorta, the 
right atrium was also opened as an extra precaution 
against overdistention of the liver. All inotropic  
and chronotropic medications were stopped. The 
inferior vena cava was opened from superior of  
the left renal vein, and then the cannula of the distal 
abdominal aorta was irrigated with 3 L of University 
of Wisconsin solution. Crushed ice was placed into 
the abdominal cavity. One liter of University of 
Wisconsin solution was placed into the inferior 
mesenteric vein cannula for perfusion of the portal 
vein. The visceral organs were removed with en  
bloc dissection after perfusion was finished. All 
vascular pedicles of organs were dissected on the back 
table.5 
 
Statistical analyses 
Statistical analyses were performed with SPSS 
software (SPSS: An IBM Company, version 22.0, IBM 
Corporation, Armonk, NY, USA). Quantitative 
variables are presented as means and standard 
deviation (SD), median, and ranges. Qualitative 
variables are presented as numbers and percentages. 
Kolmogorov-Smirnov normality test was used to 
determine whether quantitative variables had normal 
distribution. The nonparametric Mann-Whitney U 
test was used to compare the quantitative data of 2 
independent groups without normal distribution. 
Pearson chi-square and Monte Carlo simulated chi-
square tests were used to compare qualitative data of 
the 2 independent groups. P < .05 was considered to 
be statistically significant. 
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Results 
 
Our retrospective study included 105 deceased 
donors (66 males, 39 females), with age range from 1 
to 93 years. The age of male deceased donors ranged 
from 1 to 85 years (median of 47.5 y, mean ± SD of 
46.4 ± 22.1 y), whereas the age of female deceased 
donors ranged from 1 to 93 years (median of 40 y, 
mean ± SD of 39.3 ± 25.9 y). 

Deceased donors were divided into 2 groups 
according to the organ procurement technique: 
MSOPT (n = 73; 69.5%) and SOPT (n = 32; 30.5%). The 
SOPT group consisted of 17 male and 15 female 
donors, and the MSOPT group consisted of 49 male 
and 24 female donors. There were no statistically 
significant differences between groups in terms of 
age (P < .399) and sex (P < .172). There were also no 
statistically significant differences between groups in 
terms of weight (P < .978), height (P < .362), body 
mass index (P < .145), and graft weight (P < .612). 
There was no statistically significant difference 
between the groups, except for cold ischemia time  
(P < .055) and blood group (P < .054). The most 
significant statistical difference between groups  
was found in cross-clamping time. The median  
cross-clamping time in the MSOPT group was 45 
minutes (range, 30-78 min), whereas the median 
value in the SOPT group was 123 minutes (range,  
56-210 min) (P < .001). Demographic and clinical 
characteristics of the deceased donors are 
summarized in Table 1. 

Both groups were also compared and examined 
in terms of liver function tests in liver grafts over the 
first 3 days posttransplant in recipients. We observed 
no statistically significant differences in post -
transplant liver function tests of recipients between 
organ recovery groups except for aspartate 
aminotransferase (AST) levels on posttransplant day 
2. That is, we found no statistically significant 
differences between both group in terms of 
posttransplant day 1 AST (P < .162), day 3 AST  
(P = .106), day 1 alanine aminotransferase (ALT;  
P < .383), day 2 ALT (P = .203), day 3 ALT (P = .106), 
day 1 international normalized ratio (INR; P < .383), 
day 2 INR (P < .959), day 3 INR (P < .483), day 1 total 
bilirubin (P < .324), day 2 total bilirubin (P < .946), 
day 3 total bilirubin (P < .600), day 1 ammonia  
(P < .833), day 2 ammonia (P < .384), and day 3 
ammonia (P < .733). Detailed information related to 
liver function tests are shown in Table 2. 

Discussion 
 
With improvements in surgical techniques and 
immunosuppressive treatments for solid-organ 
transplant, the demand for solid organs has grown, 
leading transplant surgeons to improve ways to 
recover multiple organs from deceased donors. Starzl 
and associates first defined the surgical technique for 
multiple organ procurement.7 To date, there is a lack 
of consensus for a standardized technique for every 
aspect related to multiple organ procurement.8 
Although various transplant centers may use 
different techniques, such as single or dual organ 
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table 1. Comparison of Groups in Terms of Demographic and Clinical 
Parameters 

Parameter SOPT(n = 32) MSOPT(n = 73) Total (N = 105) P Value 
Sex, No. (%)  
     Male 17 (53.1) 49 (67.1) 66 (62.9) .172 
     Female 15 (46.9) 24 (32.9) 39 (37.1) 
Age, y  
    Mean 41.6 44.8 43.8 .399 
    Standard  
       deviation 19.2 25.5 23.7  
    Median (range) 40 (7-81) 46 (1-93) 44 (1-93)  
Weight, kg  
     Mean 69.7 65.8 66.9 .978 
     Standard  
       deviation 14.2 24.2 21.7  
     Median (range) 70 (32-98) 70 (6-110) 70 (6-110)  
Height, cm  
     Mean 166.6 156.4 159.5 .362 
     Standard  
       deviation 10.8 30.4 26.4  
     Median  
       (range) 169 (130-185) 167 (62-185) 168 (62-185)  
BMI, kg/m2  
     Mean 24.7 26.1 25.7 .145 
     Standard  
        deviation 3.7 4.4 4.2  
     Median (range) 24 (14-34.7) 25 (15-40,4) 25 (14-40.4)  
Time to cross- 
   clamp, min  
     Mean 128.3 46.6 71.5 < .001 
     Standard  
       deviation 28.4 9.5 41.6  
     Median  
       (range) 123 (56-210) 45 (30-78) 50 (30-210)  
Graft weight, g  
     Mean 1220 1254 1238 .612 
     Standard  
       deviation 217 295 260  
     Median  
       (range) 1245 (620-1500) 1320 (670-1805 1262 (620-1805)  
Cold ischemia  
   time, min  
     Mean 433 521 494 .055 
     Standard  
       deviation 257 203 223  
    Median  
       (range) 480 (120-1440) 495 (120-1440) 480 (120-1440)  
Blood group,  
   No. (%)  
     A 15 (46.9) 43 (58.9) 58 (55.2) .054 
     B 12 (37.5) 14 (19.2) 26 (24.8)  
     AB 0 (0) 8 (11.0) 8 (7.6)  
     O 5 (15.6) 8 (11.0) 13 (12.4)  

Abbreviations: MSOPT, modified standard organ procurement technique; 
SOPT, standard organ procurement technique 



perfusion, dissection in cold or warm conditions, and 
single or en bloc organ removal, the same incision is 
mostly used. As far as we know, our study is the first 
to compare procedures without sternotomy for cases 
that do not require recovery of intrathoracic organs.5 

Our aims in this study were 2-fold. First, we 
aimed to discover any possible differences related to 
the greater time involved from initial incision to 
cross-clamping time of the supraceliac abdominal 
aorta with SOPT (which requires sternotomy to open 
the thorax cavity). In our study, the mean cross-
clamping time was 128.3 minutes for SOPT and 46.6 
minutes for MSOPT, revealing the greater time for 
opening the thorax cavity (P < .001). 

Our second aim of the study was to investigate 
any clinical effects associated with the significantly 
greater cross-clamping time between the organ 
recovery techniques. Most potential deceased donors 
require various inotropic and chronotropic 
medications to stabilize the circulation system and to 
provide optimum tissue perfusion until cross-
clamping. Among these medications, dopamine, 
epinephrine, and norepinephrine result in splanchnic 
vasoconstriction to redirect circulation into vital 
organs and to preserve blood volume, which could 
reduce portal vein flow and thus result in ischemic 
injury to liver cells. In our study, we aimed to inspect 
results of ischemic injury and compared liver 
enzyme levels of recipients measured during 
postoperative days 1 to 3. All implant techniques 
were applied by the same surgery team. Our study 
revealed that there were no significant effects of 
stopping inotropic and chronotropic medications at a 
median of 78 minutes earlier on liver enzyme levels. 
This result could be interpreted as reduced exposure 
to these medications having no significant effect 
because of short half-lives, which may have occurred 
in our donor groups. This study design could be 
more suitable for renal transplant as kidneys are 
among the organs more prone to be affected by 
vasoconstrictor medications. However, our center 
has a relatively limited number of renal transplant 
donors, and kidneys are transplanted at various 
centers throughout our country. Therefore, any 
possible comments regarding renal transplant results 
are limited. 

This study has some limitations. First was the 
significant difference in cross-clamping times. The 
sternotomy procedure lasted longer than expected  
in 5 patients in the SOPT group, resulting in a 
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table 2. Comparisons Between Groups in Terms of Liver Function Tests for 
Recipients During First 3 Days Posttransplant

SOPT MSOPT Total) P Value  
AST POD1  
     Mean 1756 2262 2121 .162  
     Standard  
       deviation 1326 1874 1747  
     Median (range) 1354 (226-5717) 1576 (123-11067) 1531 (123-11067)  
AST POD2  
     Mean 1028 1893 1654 .012 
     Standard  
       deviation 761 1930 1730  
     Median  (range) 873 (200-3420) 1168 (86-12734) 1091 (86-12734)  
AST POD3  
     Mean 887 1078 1029 .106 
     Standard  
       deviation 1375 1418 1402  
     Median (range) 387 (119-6410) 675 (50-7783) 483 (50-7783)  
ALT POD1  
     Mean 1112 1193 1170 .383 
     Standard  
       deviation 1238 956 1035  
     Median (range) 732 (225-6679) 922 (77-5646) 879 (77-6679)  
ALT POD2  
     Mean 781 1002 941 .203 
     Standard deviation 489 740 684  
     Median (range) 716 (155-2098) 816 (82-4112) 801 (82-4112)  
ALT POD3  
     Mean 522 728 673 .106 
     Standard deviation 402 558 527  
     Median  (range) 471 (125-2018) 572 (64-3056) 515 (64-3056)  
INR POD1  
     Mean 3.1 3.6 3.4 .383 
     Standard deviation 1.4 1.6 1.6  
     Median (range) 3.2 (0.9-5.9) 3.3 (1.1-8.7) 3.3 (0.9-8.7)  
INR POD2  
     Mean 2.9 3.0 3.0 .959 
     Standard  
       deviation 1.2 1.6 1.5  
     Median (range) 2.7 (1.3-6.8) 2.8 (1.2-11.4) 2.7 (1.2-11.4)  
INR POD3  
     Mean 2.2 2.6 2.5 .483 
     Standard deviation 0.9 1.4 1.3  
     Median (range) 2.0 (1.3-5.2) 2.3 (1.0-9.4) 2.2 (1.0-9.4)  
Total bilirubin POD1  
     Mean 6.9 6.1 6.3 .324 
     Standard  
       deviation 4.7 4.2 4.3  
     Median (range) 7.1 (1.5-23.8) 5.3 (0.6-20.2) 5.5 (0.6-23.8)  
Total bilirubin POD2  
     Mean 7.1 6.4 6.6 .946 
     Standard  
       deviation 5.8 4.3 4.7  
     Median (range) 5.0 (2.1-23.4) 5.7 (0.8-21.5) 5.3 (0.8-23.4)  
Total bilirubin POD3  
     Mean 8.2 7.0 7.3 .600 
     Standard  
       deviation 7.0 5.2 5.7  
     Median (range) 5.3 (1.2-31) 5.9 (0.7-23) 5.7 (0.7-31)  
NH3 POD1  
     Mean 162 199 191 .833 
     Standard  
       deviation 77 140 129  
     Median (range) 145 (87-385) 141 (65-618) 143 (65-618)  
NH3 POD2  
     Mean 122 138 136 .384 
     Standard deviation 28 98 90  
     Median (range) 118 (94-188) 104 (54-434) 107 (54-434)  
NH3 POD3  
     Mean 101 137 131 .733 
     Standard deviation 33 98 92 
      Median (range) 96 (52-140) 110 (36-474) 103 (36-474) 

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
INR, international normalized ratio; MSOPT, modified standard organ 
procurement technique; NH3, ammonia; POD, postoperative day; SOPT, 
standard organ procurement technique 



prolonged median cross-clamping time in the SOPT 
group. The second limitation was the organ recovery 
team’s lack of experience in using the sternotomy 
device. Toward the end of the study period, the 
duration was reduced by 20 to 25 minutes. Another 
limitation was the study’s retrospective design and 
inclusion of only liver transplant patients. Therefore, 
our results must be interpreted with caution. 

Although the MSOPT reduced cross-clamping 
time, there were no effects on postoperative results. 
Because of its reduced operation time, MSOPT is 
suitable for procedures in which thoracic organs are 
not targeted for retrieval. Further prospective studies 
are needed to study other abdominal organs. 
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Abstract 
 
Objectives: Budd-Chiari syndrome is an infrequent, but 
potentially fatal, hepatic condition with the clinical 
manifestation of obstructed venous drainage. This 
may lead to progressive hepatic congestion, portal 
hypertension, and, ultimately, liver failure. If medical, 
interventional, and surgical approaches are not 
effective, liver transplant offers a rescue modality. The 
primary objective of this study was to report the 
perioperative and, above all, the vascular challenges 
associated with living donor liver transplant in 
patients with Budd-Chiari syndrome. 
Materials and Methods: We retrospectively reviewed 
demographic and clinical characteristics of 6 patients 
with Budd-Chiari syndrome who underwent living 
donor liver transplant at our transplant center from 
April 2004 to July 2020. We also evaluated all data 
regarding perioperative course, surgical outcome, and 
the postoperative follow-up period. 
Results: All patients displayed advanced liver disease 
with a Child-Pugh score C. The mean calculated Model 
for End-Stage Liver Disease score was 32. The causes 
of Budd-Chiari syndrome were factor V Leiden 
thrombophilia in 1 patient, myeloproliferative disorder 
in 3 patients, antiphospholipid antibody syndrome in 
1 patient, and a protein C deficiency in 1 patient. The 
mean age of patients was 40 years. One of the 6 
patients was female. All patients had living donor liver 
transplant from immediate kin according to Jordanian 
allocation rules. The mean graft-to-recipient weight 

ratio was 0.9, and the median follow-up period was 89 
months. Cumulative 1-, 3-, and 5-year-survival rates 
were 84%, 67%, and 67%, respectively. 
Conclusions: Good survival rates are achievable with 
living donor liver transplant for patients with 
advanced Budd-Chiari syndrome, particularly by 
means of posterior cavoplasty for enlargement of the 
cava orifice. Therefore, in countries with insufficient 
deceased donor programs, such as Jordan, living 
donor liver transplant may be a lifesaving therapeutic 
possibility.  
 
Key words: Acute liver failure, Chronic liver failure, 
Hepatic venous outflow obstruction, Venoplasty 
 
Introduction 
 
Budd-Chiari syndrome is a multifaceted disorder 
characterized by the obstruction of hepatic venous 
drainage. This life-threatening condition may lead to 
progressive hepatic congestion, portal hypertension, 
and liver failure. This vascular obstruction may occur 
at the level of the hepatic venules, the large hepatic 
veins, the vena cava inferior, or the right atrium.1 The 
increased pressure due to clogged outflow may  
lead to hypoxic destruction of hepatic cells, which 
eventually destroys the liver parenchyma in a 
fulminant manner.2,3 The frequency of Budd-Chiari 
syndrome has been globally estimated4 as 1/100 000 
with greater prevalence in Asia and Africa.5 This 
makes Budd-Chiari syndrome a rare but possibly 
lethal disorder.6 It is more common in women in their 
third or fourth decade of life.7 The most common 
underlying causative reasons for Budd-Chiari 
syndrome are antiphospholipid antibody syndrome, 
primary myeloproliferative disorders, and factor V 
Leiden mutation.7,8  

The diagnosis of Budd-Chiari syndrome relies on 
the fulfillment of 1 or more clinical characteristics 
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featured in the clinical presentation, physical 
examination, radiological assessment via abdominal 
magnetic resonance imaging or computerized 
tomography, and intraoperative observation and 
histopathological findings. Before liver transplant is 
recommended as a rescue modality, medical treat -
ment with anticoagulation or invasive percutaneous 
interventional techniques (eg, transjugular intra -
hepatic portosystemic shunt and surgical shunts)9 is 
considered first. Liver transplant is the last resort9 in 
cases where nonsurgical approaches fail or whenever 
the patient faces irreversible necrosis of liver tissue 
or cirrhosis with liver decompensation.9-11 For these 
cases, we routinely anastomose a very short right 
hepatic vein directly in a posterior cavoplasty, as first 
described by Goralczyk and associates.12 

The primary objective of this study was to report 
the perioperative and, above all, the vascular 
challenges implicated by living donor liver transplant 
in patients with Budd-Chiari syndrome, as exem plified 
by 6 patients seen at our Liver Transplant Institute at 
Jordan Hospital. Furthermore, we wish to point out the 
socioeconomic and health care-related significance of 
liver transplant for countries without sufficient 
deceased organ donation programs, like Jordan. 
 
Materials and Methods 
 
In this study, we retrospectively reviewed the 
demographic and surgical data of 6 patients with 
end-stage Budd-Chiari syndrome who underwent 
living donor liver transplant at our institute. 
Although this study is a retrospective clinical study, 
the approval of the local ethics committee was 
received. In advance, we obtained written informed 
consent from all patients for the publication of this 
report. Between April 1, 2004 and July 30, 2020, a 
total of 124 living donor liver transplants were 
performed at Jordan Hospital in Amman, with 6 (5%) 
conducted in patients with Budd-Chiari syndrome.  

Many patients with Budd-Chiari syndrome are 
successfully treated at our institute with no need for 
surgical intervention. Liver transplant is considered 
a treatment option for patients with medical and 
interventional treatment failure or established 
cirrhosis or fulminant liver failure. There are no 
generally recognized listing criteria for patients with 
Budd-Chiari syndrome. Patients who qualify as 
candidates for living donor liver transplant are 
discussed at our weekly transplant board meeting on 

a case-by-case basis after they have completed all 
medical assessments. The contraindications for liver 
transplant at our university hospital are summarized 
in Table 1. For our 6 cases, an accelerated donor and 
recipient work-up was accomplished, and the ethical 
committee and psychiatric team accepted liver 
donation. All indications for living donor liver 
transplant were approved by the Liver Transplant 
Board.  

Manifest complete or incomplete hepatic vein 
thrombosis with or without inferior vena cava 
involvement detected in radiological examination is 
reason enough to diagnose Budd-Chiari syndrome, 
regardless of underlying causes.13 For example, the 
CT scan of our last patient (Figure 1) showed a 
severely narrowed retrohepatic vena cava with 
vanished hepatic veins. Moreover, the image 
revealed ascites with bilateral pleural effusion, an 
enlarged hepatic segment one, congestion of the liver, 
and areas of necrosis. Histopathologic examination 
confirmed the diagnosis: Budd-Chiari syndrome 
accompanied by severe acute centrolobular liver cell 
necrosis and vanished hepatic veins. 

During the surgical procedure and mobilization 
of the liver, the hepatic artery, bile duct, and main 
portal vein were exposed and divided. All hepatic 
veins of the diseased livers were resected directly at 
the inferior vena cava wall with a vascular stapler 
device. All 6 recipients received right lobe liver 
transplant. The short right hepatic vein orifice of the 
graft was directly anastomosed with the inferior vena 
cava wall after the stapler line was removed from the 
inferior vena cava and the posterior wall of the cava 
was widened with a running 5-0 vascular suture. All 
hepatic veins with a diameter of ≥ 5 mm were 
anastomosed directly with the inferior vena cava 
using synthetic or homologous vascular grafts. The 
portal vein anastomoses and the hepatic artery and 
bile duct anastomoses were carried out using the 
standard end-to-end technique in all patients. Only 
the patient with narrowing inferior vena cava 
received patch cavoplasty to the anterior-lateral wall 
with artificial vascular material.  
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table 1. Exclusion Criteria for Liver Transplant in Budd-Chiari Syndrome at 
Jordan Hospital

Significant heart failure 
Severe portopulmonary shunt 
Brain edema not responding to medical treatment 
Uncontrolled infection 
Complete cava thrombosis with portal vein thrombosis
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Results 
 
We reviewed baseline characteristics of 6 patients 
with Budd-Chiari syndrome who underwent living 
donor liver transplant at our Liver Transplantation 
Department at Jordan Hospital. For patient analyses, 
the following epidemiological data were included: 
age, sex, underlying disease, body weight, and 
various features of the donors. The mean age of 
patients was 40 years; only 1 of the 6 patients was 
female. Model for End-Stage Liver Disease (MELD) 

and Child-Pugh scores provided documentation of 
patients’ health conditions before living donor liver 
transplant. All patients had severe liver disease with 
a Child-Pugh score C. The mean calculated MELD 
score was 32, with scores ranging from 27 to 40. Of 6 
patients, 5 showed complete hepatic vein occlusion, 
whereas 1 patient had severe inferior vena cava 
narrowing due to external compression by an 
enlarged hepatic segment one (Table 2). None of our 
patients showed contraindications for liver transplant. 
Causes of Budd-Chiari syndrome in our study 
population included factor V Leiden thrombophilia in 
1 patient, primary myeloproliferative disorder in 3 
patients, antiphospholipid antibody syndrome in 1 
patient, and protein C deficiency in 1 patient. 
Therefore, all participants in the study were consi -
dered to have primary Budd-Chiari syndrome.  

We performed living donor liver transplant with 
posterior cavoplasty in all patients, meaning that all 
grafts were obtained from living donors. The mean 
graft weight was 818.8 g, whereas the mean patient 
weight was approximately 75 kg. Accordingly, the 
mean graft-to-recipient weight ratio was 0.91 (Table 
3). During the surgical procedure, 2 patients received 
no packed red blood cells, 2 needed 3 packed red 
blood cell units each, 1 patient needed 4, and 1 patient 
received 6. All patients required fresh frozen plasma 
during the procedure, averaging at approximately 8 
units per patient. The cold ischemia times averaged 
about 60 minutes (Table 3). One should keep in mind 
that 1 patient received a left anterior-lateral patch 
cavoplasty due to the inferior vena cava narrowing 
opposite to the venous anastomosis, which required 
the longest cold ischemia time of nearly 120 minutes. 
All complications and posttransplant outcomes were 
documented and are summarized in Table 4. 
Postoperatively, all 6 patients received a heparin 
infusion course. Our therapeutic goal was set for an 

Figure 1. Severely Narrowed Retrohepatic Vena Cava, an Enlarged Hepatic 
Segment One, and Occluded Hepatic Veins, Ascites, and Peripheral Edema 

table 2. Characteristics of Patients with Budd-Chiari Syndrome Undergoing Living Donor Liver Transplant

Patient 
1 2 3 4 5 6 

Age, years 40 40 66 29 19 48 
Sex Male Male Male Male Male Female 
Cause of Budd-Chiari MPD MPD MPD Protein S and Factor V Leiden Anti-phospholipid  
   syndrome    C deficiency    mutation    antibody syndrome 
Vascular involvement Hepatic vein Hepatic vein Hepatic vein Hepatic vein Hepatic vein Hepatic vein and 

   inferior vena cava 
Donor Brother Brother Son Brother Brother Daughter  
Donor age, years 39 32 30 44 24 28 
MELD score 27 36 29 31 31 40 
Child-Pugh score Child C Child C Child C Child C Child C Child C

Abbreviations: MELD, Model for End-Stage Liver Disease; MPD, myeloproliferative disorder 
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activated partial thromboplastin time of 60 to 80 
seconds. 

At the time of hospital discharge, all patients were 
switched from heparin to warfarin therapy with  
an additional 100 mg of acetylsalicylic acid. We 
recommended a continuance of warfarin therapy for 
approximately 1 year and the use of acetylsalicylic 
acid for life. All patients received tacrolimus as 
immunosuppressive therapy.  

The median follow-up period was 89 months. 
Cumulative 1-, 3-, and 5-year survival rates were 
84%, 67%, and 67%, respectively. Outcome results 
showed a survival rate of 67% with good clinical 
outcomes. Two-thirds of patients are still alive today 
and doing well. Two patients are deceased, with 1 
patient having a lethal myocardial infarction 15 
months after transplant. The second patient died 
after a fatal sepsis and multiple organ failure 44 days 
after transplant (Table 4).  
 
Discussion 
 
To the best of our knowledge, this is the first study 
evaluating living donor liver transplant outcomes of 
Jordanian Budd-Chiari syndrome patients with more 
than a 10-year-follow-up. Presently, our center offers 
several invasive and noninvasive therapeutic 
approaches in the treatment of Budd-Chiari syndrome. 
Noninvasive modalities include anticoagulation 
therapy, thrombolytic therapy, and diuretic drug 

therapy, as well as percutaneous transluminal 
angioplasty with and without stenting. Transjugular 
intrahepatic portosystemic shunting and surgical 
shunting are additional therapeutic possibilities.1  

Nonetheless, fatal hepatic complications often 
leave no option other than liver transplant. As 
reported by Saleh and colleagues, liver transplant 
should be considered if all other steps of the standard 
therapeutic algorithm fail.14 Transplant indications 
for patients with Budd-Chiari syndrome include 
fulminant liver failure, cirrhosis of the liver, and 
failure of preceding treatment attempts with 
portosystemic shunts or nonsurgical therapeutic 
approaches.1,4  

Most available studies on liver transplant in 
patients with Budd-Chiari syndrome refer to records 
on deceased donor liver transplant. However, less 
scientific research has focussed on the clinical 
outcome of living donor liver transplant,6 with most 
evaluations of living donor liver transplant for Budd-
Chiari syndrome being case reports. In 2006, Yamada 
and associates15 reported on 9 patients with Budd-
Chiari syndrome and living donor liver transplant  
in which patch plasty for inferior vena cava 
reconstruction was performed in 4 cases. Similarly, 
Mentha and associates16 published a study on one of 
the largest sample sizes of patients (n = 248) receiving 
deceased donor liver transplant for Budd-Chiari 
syndrome. They reported 1-, 5-, and 10-year survival 
rates of 76%, 71%, and 68%, respectively. Despite our 

table 3. Perioperative Characteristics

Patient Body Graft Graft-to- WIT, min CIT, min Length of ICU Length of Operation Packed Fresh Frozen 
Weight, Weight, Recipient- Stay, days Hospital Time, RBCs, Plasma,  

kg g Weight Ratio Stay, days hours units units  

1 74 800 0.93 27 55 3 18 3 3 6 
2 78 845 0.92 23 65 4 14 4 0 6 
3 85 920 0.92 31 60 3 24 5 3 6 
4 68 750 0.91 22 60 5 23 4 4 8 
5 70 780 0.90 29 55 3 16 5 0 7 
6 73 815 0.89 45 120 6 44 6 6 14 

Abbreviations: CIT, cold ischemic time; ICU, intensive care unit; RBC, red blood cell; WIT, warm ischemic time

table 4. Outcome of Surgery

Patient 
1 2 3 4 5 6 

Complication Wound infection Incomplete hepatic Pleural effusion Biliary Stricture 
   vein 

Treatment Wound revision Warfarin therapy Aspiration ERCP with  
Final outcome Alive Dead Dead Alive Alive Alive 
Follow-up 15 years 44 days 15 months 10 years 9 years 2 years 
Cause of death Sepsis, multiorgan Myocardial  

   failure    infarction  

Abbreviations: CIT, cold ischemic time; ICU, intensive care unit; RBC, red blood cell; WIT, warm ischemic time
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limited number of patients, we showed comparable 
survival figures of 84%, 67%, and 67% after 1, 3, and 
5 years. This may indicate similar outcomes in 
deceased donor versus living donor liver transplant. 
Another commonality between the work of Mentha 
and associates and our findings is the early occurrence 
of mortality during the first months after transplant 
due to infectious com plications, multiorgan and graft 
failure, or vascular complications. This implies an 
especially vulnerable period for these patients shortly 
after transplant. The survival rates of 57 Budd-Chiari 
syndrome patients after living donor liver transplant 
as presented by Ara and colleagues13 was quite 
satisfactory. Therefore, living donor liver transplant 
is supported as a practical therapeutic approach in 
patients with Budd-Chiari syndrome.  

Undoubtedly, the construction of adequate 
anastomoses with the recipient’s inferior vena cava 
is challenging, as it is often affected by Budd-Chiari 
syndrome and, thus, in a highly stenotic condition.6 
Karaca and colleagues17 came to a similar conclusion. 
The authors presented a surgical technique in which 
the hepatic venous drainage was preserved despite a 
lack of inferior vena cava from living donors. In 
deceased donor liver transplant, the recipient’s 
inferior vena cava is usually removed with the native 
liver, since the hepatic graft encloses a retrohepatic 
inferior vena cava.18,19 The piggyback liver transplant 
technique is the only exception to this case. In 
contrast, the inferior vena cava is mostly preserved in 
living donor liver transplant, even though it is often 
in narrowing condition due to massive compression 
by an enlarged liver.20  

In our cases, we managed the reconstruction  
of a sufficient venous outflow by performing an 
anastomosis between the right hepatic vein and the 
recipient’s preserved inferior vena cava via posterior 
cavoplasty. This is a clear strength of our study. That 
is, we implemented the technique of posterior 
cavoplasty consistently in all our patients, allowing 
us to surmount the vascular challenges related to 
Budd-Chiari syndrome. We performed a venous 
anastomosis between the graft hepatic vein and the 
enlarged cava opening (Figure 2) as first described 
by Goralczyk and associates,12 who showed that 
venous outflow and portal vein pressure in those 
who had posterior cavoplasty was significantly 
better than results in the control group. Similarly, 
Kubo and colleagues21 reported on a formed 
horizontal orifice on the anterior surface of the 

suprahepatic inferior vena cava to match the  
graft vein, without requiring any resection of the 
narrowed retrohepatic inferior vena cava. In 1 of the 
6 patients reported here, we conducted additional 
patch plasty to the left anterior-lateral wall with 
artificial vascular material, due to a narrowed area of 
the cava situated opposite of the venous anastomosis. 
Accordingly, this additional step explained the 
unusually long cold ischemia time of 120 minutes for 
this patient (Table 3). All other patients required 
rather short cold ischemia times, as the donors’ and 
recipients’ hepatectomies were coordinated nearly 
simultaneously by 2 different teams, allowing an 
optimized operation times (Table 3).  

Several groups have proposed new and different 
techniques to overcome inferior vena cava 
involvement, including management of the un -
healthy innate inferior vena cava and adequate 
reconstruction.18,22-28 Our study’s long-term results 
are comparable to the results of similar studies. With 
the understanding that all our patients had severely 
advanced liver failure with high MELD scores and 
thus displayed very poor prognoses to begin with, 
the significant outcomes are very encouraging.  

Figure 2. Reconstructed Hepatic Segment V and VIII Hepatic Veins With 
Synthetic Vascular Graft, With Arrow Showing Very Short Hepatic Graft  
Vein



One limitation of our study is the inherent bias of 
our retrospective study design. In addition, we had a 
modest number of patients, which could be enlarged 
to ensure reliability. However, even with the small 
size of both our university hospital in Amman and 
its hepatobiliary surgery department, it is remarkable 
that living donor liver transplant is performed, let 
alone for patients with Budd-Chiari syndrome. 
Previously, patients with this syndrome were 
categorically sent abroad to foreign countries when 
they reached decompensating liver function. A 
second center in Amman also offers living donor 
liver transplantation but lacks operative experience 
in treating patients with Budd-Chiari syndrome. 
Now, in view of our patients’ promising survival 
rates and their good posttransplant results, our 
findings have significant health care implications, as 
Jordan Hospital is a major regional health care 
provider for patients from various Middle Eastern 
countries. All affected individuals who cannot afford 
clinical treatment overseas can be offered a treatment 
option at home and are thereby given a chance to 
live.  

Of interest, most epidemiological data in the 
present literature have reported on female patients, 
as they make up most of the diseased population. 
However, our study comprised 83% male patients. 
This aspect delivers additional noteworthy infor -
mation about the management of this disease in the 
less frequently affected sex. As pointed out by Zhang 
and associates29 in 2018, the clinical characteristics of 
the obstructive lesions in Budd-Chiari patients vary 
broadly between Western and Asian populations. 
Consequently, the clinical presentations and treatment 
approaches for patients also differ. Although we found 
hepatic thromboses as the main obstructive lesions 
in Western countries, Asian patients tend to display 
membranous and segmental obstructions of the 
suprahepatic or retrohepatic portion of the inferior 
vena cava. This implies that interventional 
recanalization and surgical treatment modalities  
are much more relevant in Asian countries  
than anticoagulation and transjugular intrahepatic 
portosystemic shunt, which often suffice for Western 
patients. This carries vital sociocultural implications, 
making living donor liver transplant an essential 
treatment option for the Middle Eastern Budd-Chiari 
syndrome population.  

Ultimately, the findings of our small transplant 
center in Jordan can have major clinical consequences 

for countries with small or scarce deceased organ 
donation programs. In countries like Jordan, and in 
small transplant centers like ours, living donor liver 
transplant with posterior cavoplasty for patients with 
end-stage liver disease caused by Budd-Chiari 
syndrome is extremely efficient. It provides a new 
opportunity for these patients and a chance to live 
with acceptable long-term outcomes.  
 
Conclusions  
 
Further studies are needed to increase the knowledge 
of this clearly feasible procedure. However, we can 
affirm that living donor liver transplant in Budd-
Chiari syndrome is a life-saving treatment approach, 
especially in fulminant cases of hepatic failure.  
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Abstract 
 
Objectives: Liver transplant has been used as a curative 
approach for children with end-stage liver diseases. 
Here, we describe the underlying causes for pediatric 
liver transplant performed at the Shiraz Organ 
Transplantation Center, Nemazee Hospital, Shiraz, Iran. 
Materials and Methods: In this cross-sectional des -
criptive study, children < 18 years old who were 
candidates for liver transplant from 2007 to 2010 at 
the Shiraz Organ Transplantation Center were 
included. Patients were evaluated for their underlying 
diseases leading to liver failure. Disease severity was 
assessed and compared with Pediatric End-Stage Liver 
Disease model and the Model for End-Stage Liver 
Disease scores. 
Results: Of 107 patients, 60.8% were males and 39.2% 
were females. The mean age was 11.6 ± 4.9 years. 
Thirteen patients (12.5%) were < 2 years old, 26 (24%) 
were 2 to 6 years old, 33 (30.8%) were 6 to 12 years old, 
and 35 (32.7%) were 12 to 18 years old. Underlying 
liver diseases comprised biliary atresia (27.1%), 
cryptogenic cirrhosis (21.5%), autoimmune cirrhosis 
(13.1%), familial intrahepatic cholestasis (11.2%), 
Wilson disease (9.3%), tyrosinemia (7.4%), neonatal 
hepatitis (4.7%), congenital hepatic fibrosis (3.7%), 
and Caroli disease (1.9%). Jaundice (83.2%), ascites 
(57%), and esophageal varices (43%) were the most 
common clinical findings. Mean serum direct bilirubin, 
total bilirubin, international normalized ratio, and serum 
creatinine values were 3.6 ± 0.8 mg/dL, 9.3 ± 9.1 mg/dL, 
2.1 ± 1.1, and 0.6 ± 0.2 mg/dL, respectively. The mean 

Pediatric End-Stage Liver Disease score in children < 
12 years old was 11.4 ± 9.1. The mean Model for End-
Stage Liver Disease score in children > 12 years old was 
13.7 ± 5.9. There were no differences in scores among 
sex, age groups, or different etiologies. 
Conclusions: Scores for disease severity were not 
significantly different with regard to different causes 
of underlying diseases for liver transplant in Iranian 
children. 
 
Key words: Biliary atresia, Liver failure, Pediatric 
 
Introduction 
 
The first pediatric liver transplant (LT) procedure 
dates back to 1963.1 Children constitute 12.5% of 
candidates for LT.2 In pediatric patients, LT is 
challenging, especially in younger individuals, due to 
special requirements regarding technical, anatomic, 
and immunologic issues.3-7 New immunosuppression 
strategies, novel surgical approaches, and better  
pre- and posttransplant management procedures 
have affected the survival rate of liver allograft 
recipients.8,9 

Liver transplant has dramatically improved 
survival rate and quality of life in patients with end-
stage liver diseases.10 Although livers from deceased 
donors constitute the main source (90% to 92%) of 
donated liver allografts,4,11 a significant decrease in 
mortality of patients in the preoperative period is 
due to the introduction of living donors.12 

Nevertheless, limited numbers of liver grafts still 
constitute the main obstacle for higher survival rates 
in pediatric patients.9  

According to a report from the China Liver 
Transplant Registry, the number of LT surgeries in 
China was 20 877 from 1980 to 2011.11 In comparison, 
the United Network for Organ Sharing and 
Eurotransplant registries have reported 113 432  
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and 11 542 LT procedures, respectively, up until  
2011.11 These numbers are expected to gradually 
increase with improving LT strategies in upcoming 
years.13,14 

Since 1993, we have described multiple pediatric 
LT procedures in our center (the Shiraz Organ 
Transplantation Center, Shiraz, Iran).15-19 In another 
report, which described the first 50 pediatric LT 
procedures performed at the Shiraz Transplantation 
Center until 2006, we provided a full view on clinical 
conditions of these operations.20 Here, to explore the 
causes of liver failure in Iranian children, we provide 
a comprehensive report on the underlying causes for 
pediatric LT performed at our center. 
 
Materials and Methods 
 
Patients 
In this cross-sectional descriptive study, patients 
under 18 years old who were candidates for LT at the 
Shiraz Organ Transplantation Center were included. 
Patients were evaluated for underlying diseases 
leading to liver failure. Disease severity was assessed 
by Pediatric End-Stage Liver Disease (PELD) and 
Model for End-Stage Liver Disease (MELD) scores. 
These candidates had been referred to the Shiraz 
University of Medical Sciences Liver Transplant 
Center in Nemazee Hospital between 2007 and 2010. 
Patients with metabolic diseases without liver 
involvement who may have had liver enzyme 
disturbances leading to secondary organ involvement 
were excluded from this study. In total, 107 patients 
met our inclusion criteria. 
 
Gathering clinical and laboratory data 
Patient age, sex, underlying disease, and growth 
status were obtained. Laboratory data gathered on 
admission included serum albumin, total bilirubin, 
international normalized ratio (INR), and serum 
creatinine results. 
 
calculating pediatric end-stage liver disease and 

model for end-stage liver disease scores 
For children under 12 years old, patient priority for 
LT was determined according to PELD score. Based 
on this, age, growth failure, serum albumin, total 
bilirubin, and INR were used to calculate the score. 
For children above 12 years old, we used MELD 
score, which considers total bilirubin, INR, and 
serum creatinine. 

Statistical analyses 
Statistical analyses were performed with SPSS 
software (SPSS: An IBM Company, version 14, IBM 
Corporation, Armonk, NY, USA). Normality of data 
was checked by Shapiro-Wilks test. Frequencies were 
applied to present qualitative data. Means and 
medians were reported for PELD and MELD scores. 
Mann-Whitney U test was applied to assess 
differences in means of PELD and MELD scores 
between different pathologies, male versus female, 
and age groups. 
 
Results 
 
Of 107 patients, 60.8% were male and 39.2% were 
female. Mean patient age was 11.6 ± 4.9 years, and 
median age was 12 years. Patients were categorized 
into 4 age groups according to age at admission to 
wait list for LT. Thirteen patients (12.5%) were < 2 
years old, 26 patients (24%) were 2 to 6 years old, 33 
patients (30.8%) were 6 to 12 years old, and 35 
patients (32.7%) were 12 to 18 years old. 

Underlying liver diseases that led to requirement 
for LT are shown in Table 1. Biliary atresia (29/107; 
27.1%) was the most common underlying disease. 
Other major causes included cryptogenic cirrhosis 
(23/107; 21.5%) and autoimmune cirrhosis (14/107; 
13.1%). Regarding different age categories, biliary 
atresia was the most common underlying cause in 
children < 2 years old (76.9%) and 2 to 6 years old 
(30.8%), whereas cryptogenic cirrhosis was identified 
as the most common cause in children 6 to 12 years 
old (33.2%) and 12 to 18 years old (34.2%) (Table 2). 

Jaundice was the most common clinical mani -
festation in our patients (83.2%), and ascites (57%) 
and esophageal varices (43%) were the other 
prevalent clinical findings. Table 3 lists the clinical 
signs and symptoms of the study patients. Mean 
values for serum bilirubin, total bilirubin, INR, and 
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table 1. Distribution of Underlying Diseases in Pediatric Candidates for Liver 
Transplant

Underlying Disorder Percent (%) Number 

Biliary atresia 27.1 29 
Cryptogenic cirrhosis 21.5 23 
Autoimmune cirrhosis 13.1 14 
Progressive familial intrahepatic cholestasis 11.2 12 
Wilson disease 9.3 10 
Tyrosinemia 7.4 8 
Neonatal hepatitis 4.7 5 
Congenital hepatic fibrosis 3.7 4 
Caroli disease 1.9 2 
Total 100 107 



serum creatinine were 3.6 ± 0.8 mg/dL, 9.3 ± mg/dL, 
2.1 ± 1.1, and 0.6 ± 0.2 mg/dL, respectively. 

For the PELD scoring system, each patient is 
assigned a number regarding 5 criteria: age, growth 
status, serum albumin level, serum bilirubin level, 
and INR. Patients with greater scores have priority 
to be transplanted. The mean PELD score in children 
< 12 years old was 11.4 ± 9.1. In children > 12 years 
old, the mean MELD score was 13.7 ± 5. 9. We 
observed no associations between PELD and MELD 
scores and age groups and males versus females. 
Mean MELD and PELD scores for individual 
pathologies are presented in Table 4 and Table 5, 
respectively. We observed no significant differences 
between PELD or MELD scores and the different 
causes of liver disease. 
 

Discussion 
 
Advancements in technical and management 
strategies have made LT an effective therapeutic 
option with a high cure rate in patients with end-
stage liver diseases. Among 107 children (< 18 years 
old) on the wait list at our center from 2007 to 2010, 
underlying liver diseases included biliary atresia 
(27.1%), cryptogenic cirrhosis (21.5%), autoimmune 
cirrhosis (13.1%), familial intrahepatic cholestasis 
(11.2%), Wilson disease (9.3%), tyrosinemia (7.4%), 
neonatal hepatitis (4.7%), congenital hepatic fibrosis 
(3.7%), and Caroli disease (1.9%). Our previous 
report on 50 pediatric LT recipients in our center 
showed cryptogenic cirrhosis (30%), autoimmune 
cirrhosis (24%), biliary atresia (22%), Wilson disease 
(14%), progressive familial intrahepatic cholestasis 
(4%), fulminant hepatitis (4%), and tyrosinemia (2%) 
as the major diseases.20 Although the first 3 causes 
were the same in these 2 consecutive reports, the 
frequency of some showed elevating trends (ie, 
familial intrahepatic cholestasis and tyrosinemia). On 
the other hand, rates of children with cryptogenic 
cirrhosis, autoimmune cirrhosis, and Wilson disease 
decreased in our present report, whereas the ratio of 
biliary atresia remained similar. In another report on 
138 infants and children who underwent LT (living, 
deceased donor, and split translations) until 2009 
from our group, Wilson disease (20.3%), cryptogenic 
cirrhosis (16.7%), autoimmune cirrhosis (14.5%), 
biliary atresia (13.8%), tyrosinemia (9.4%), and 
progressive familial intrahepatic cholestasis (8.7%) 
constituted the main underlying causes of end-stage 
liver disease.21 

In a recent 3-year study (2012-2015) from Pakistan 
on 14 pediatric LT recipients (≤ 17 years old; median 
age of 8.5 years old),10 28.6% children had Wilson 
disease and 28.6% had cryptogenic cirrhosis (ie, 4 
patients each). Two children had Budd-Chiari 
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table 2. Underlying Reasons for Liver Transplant in Children Based on 
Different Age Categories

Underlying Cause Age Group, No. (%) 
< 2 years 2-6 years 6-12 years 12-18 years 

Biliary atresia 10 (76.9) 8 (30.8) 4 (12) 0 (0) 
Cryptogenic cirrhosis 0 (0) 2 (7.7) 11 (33.2) 12 (34.2) 
Autoimmune cirrhosis 0 (0) 2 (7.7) 5 (15.4) 9 (25.8) 
Progressive familial 
    intrahepatic cholestasis 1 (7.7) 4 (15.4) 4 (12) 4 (11.5) 
Wilson disease 0 (0) 1 (3.8) 5 (15.4) 5 (14.2) 
Tyrosinemia 1 (7.7) 6 (23.1) 1 (3) 1 (2.9) 
Neonatal hepatitis 1 (7.7) 1 (3.8) 2 (6) 1 (2.9) 
Congenital hepatic fibrosis 0 (0) 0 (0) 1 (3) 3 (8.5) 
Caroli disease 0 (0) 2 (7.7) 0 (0) 0 (0) 
Total 13 (100) 26 (100) 33 (100) 35 (100) 

table 3. Liver Disease-Related Clinical Manifestations in Patients

Clinical Manifestation Percent (%) Number 

Jaundice 83.2 89 
Ascites 57 61 
Esophageal varices 43 46 
Gastrointestinal bleeding 24.3 26 
Edema 14.9 16 
Encephalopathy 13.1 14 
Secondary bacterial peritonitis 10.3 11 

table 4. Underlying Disease According to Pediatric End-Stage Liver Disease 
Score

Underlying Disease Mean and Minimum Maximum Number 
Standard of Cases 
Deviation 

Congenital hepatic fibrosis 21 21 21 1 
Biliary atresia 12 ± 8.8 1 36 29 
Autoimmune cirrhosis 17.8 ± 9.2 1 27 6 
Neonatal hepatitis 13 ± 6.6 9 23 4 
Progressive familial  
   intrahepatic cholestasis 12.3 ± 10.3 1 28 8 
Cryptogenic cirrhosis 9.6 ± 8.4 1 28 12 
Wilson disease 26.4 ± 11.6 11 42 5 
Tyrosinemia 6.8 ± 5.2 1 13 7 
Caroli disease 8.5 ± 10.6 1 16 2

table 5. Underlying Disease According to Model for End-Stage Liver Disease 
Scoring System

Underlying Disease Mean and Minimum Maximum Number 
Standard of Cases 
Deviation 

Congenital hepatic fibrosis 13 ± 3.4 11 17 3 
Autoimmune cirrhosis 15.6 ± 4.8 8 20 8 
Neonatal hepatitis 6 6 6 1 
Progressive familial  
   intrahepatic cholestasis 5 ± 1 6 8 4 
Cryptogenic cirrhosis 14.7 ± 5.6 7 26 11 
Wilson disease 18.2 ± 6.9 11 27 5 
Tyrosinemia 6 6 6 1 



syndrome (14.2%), and 1 child had biliary atresia 
(7.1%).10 In a report from the United States on 196 LT 
procedures on 155 children, biliary atresia comprised 
the dominant cause of liver failure in both infants  
(< 12 mo old) and children (1-18 years old).9 Other 
causes included metabolic disease, fulminate 
hepatitis, cystic fibrosis, cryptogenic cirrhosis, and 
tumors.9 In a study from Turkey, Aydogdu and 
colleagues described 67 LT procedures (32 deceased 
and 35 living grafts) in 61 pediatric patients.22 The most 
common causes included metabolic liver disease 
(27.8%), biliary atresia (22.9%), and cryptogenic 
cirrhosis (18%). Some other causes were also described, 
including autoimmune and viral hepatitis (9.8% and 
6.5%, respectively) and fulminant liver disease 
(8.1%).22 

In the China Liver Transplant Registry report, 
biliary atresia and Wilson disease were the most 
frequent causes for LT in pediatric patients.11 In 
general, biliary atresia is the most common cause for 
LT.23-25 This is followed by congenital disorders, with 
hereditary deficiency of α1-antitrypsin, as the most 

frequent cause for LT.26,27 Comparisons of these 
studies indicate a variable and wide picture on 
causes of liver failure in children; therefore, clinicians 
must consider the different etiologies for liver failure 
in children. 

The PELD and MELD models for predicting 
requirements for LT based on severity and mortality 
risk of end-stage liver disorders28,29 have successfully 
decreased mortality rates in both pediatric and adult 
patients on wait lists for LT.30 In our study, mean 
PELD score was 11.4 ± 9.5 (range, 1-42) in children 
< 12 years old and mean MELD score was 13.7 ± 5.9 
(range, 6-27) in patients > 12 years old (P > .05). The 
higher score in children older than 12 years indicated 
more severe conditions and higher preference for LT. 
A possible explanation for this observation may be 
due to different causes of liver failure among those  
< 12 or > 12 years old. In our study, the most common 
cause for children > 12 years old was cryptogenic 
cirrhosis, whereas biliary atresia was the most 
common cause in those < 12 years old. 

Other reports have shown median PELD score of 
23 (range, 1-54) in 61 pediatric LT recipients in 
Turkey.22 In a study of pediatric LT in the United 
States,9 19 children (> 1 year old) had PELD score  
> 28, whereas 11 and 7 children had scores of 7 to 16 
and 17 to 27 at the time of LT, respectively.9 Among 
74 infants (<1 year old), most had PELD score of 7 to 

16, although 10 patients had scores of > 28 and 3 had 
PELD scores of -11 to 6.9 

Both the PELD and MELD scoring systems have 
been used for prognostic analyses in previous 
studies.31-34 Patients within both age groups (< 1 year 
old and 1-18 years old) with higher PELD scores 
showed lower overall and 1-year survival rates than 
patients with lower PELD scores.9 The negative 
correlation of PELD score with 1-year survival has 
also been described by Barshes and associates.29 A 
MELD score of > 20 in children with biliary atresia 
was shown to be significantly associated with lower 
2-year mortality rate.24 Although patient age is a 
factor incorporated into calculation of PELD score, 
we recognized no statistically significant difference in 
these scores with regard to age groups or males versus 
females. This observation indicates that prognosis of 
these patients could be dependent on some other 
pathologic factors (ie, underlying pathologies, genetic 
alternations, acquired and environmental factors, and 
therapeutic interventions). 

In our study, we detected no significant dif -
ferences in PELD/MELD scores among different 
underlying conditions. However, the highest PELD 
score was seen in children with biliary atresia and 
cryptogenic cirrhosis. Accordingly, the highest MELD 
score was also found in patients with cryptogenic 
cirrhosis, whereas children with autoimmune 
cirrhosis showed the second highest MELD score. 
Among those with the same pathology, there was  
no significant difference between MELD and  
PELD scores in children < 12 or > 12 years old. 
Nevertheless, it is recommended to explore the 
effects of other mentioned factors in determining 
clinical severity of end-stage liver diseases. 
 
Conclusions 
 
Our study showed a variety of underlying causes 
necessitating LT in Iranian children. The most 
common reasons for this were identified as biliary 
atresia, cryptogenic cirrhosis, and autoimmune 
cirrhosis. There was no significant difference between 
these pathologies, as well as other pathologies, 
regarding sex, age, or PELD/MELD scores. This 
highlights the possible role of other independent 
factors modulating progression of liver failure in 
these conditions. Accordingly, improved current 
prioritization criteria are needed for patients on  
wait lists for LT by identifying, validating, and 
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incorporating more clinical and genetic parameters 
into our scoring systems. 
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Abstract 
 
Objectives: Although no longer a contraindication to 
liver transplant, portal vein thrombosis may lead to 
longer operative time and complexities in venous 
reconstruction. Strategies to maintain preoperative 
patency include systemic anticoagulation and/or 
transjugular intrahepatic portosystemic shunt 
placement. The former may not be ideal in cirrhotic 
patients prone to luminal gastrointestinal tract 
bleeding, and factors that predict improvements in 
portal vein thrombosis with the latter have not been 
well defined. Our goal was to evaluate the effectiveness 
of transjugular intrahepatic portosystemic shunt 
placement as monotherapy to improve and/or resolve 
portal vein thrombosis in otherwise eligible liver 
transplant candidates with partial or complete portal 
vein thrombosis and to identify factors predicting 
success.  
Materials and Methods: We identified 30 patients from 
2010 to 2015 who had transjugular intrahepatic 
portosystemic shunt placement for primary indication 
to maintain portal vein patency. 
Results: The main portal vein was completely 
thrombosed in 5 of 30 (16.6%), nearly completely 
thrombosed in 9 of 30 (30%), and partially throm -
bosed in 16 patients (53.3%). Twenty-four patients 
(80%) had improvement and/or resolution of portal 
vein thrombosis after transjugular intrahepatic 
portosystemic shunt placement, with 18 of these 
(75%) having complete resolution. All 5 patients 

(20.8%) with complete thrombosis had improve -
ment/resolution of portal vein thrombosis. Nine 
patients (30%) required hospitalization within 3 
months for hepatic encephalopathy. There were 3 
deaths (10%) not related to transjugular intrahepatic 
portosystemic shunt placement (10%). Nine patients 
underwent liver transplant after shunt placement 
(median 2.9 mo; range, 0.3-32 mo); all 9 received end-
to-end anastomosis without need for intraoperative 
thrombectomy. 
Conclusions: Transjugular intrahepatic portosystemic 
shunt placement may be effective as monotherapy for 
maintaining or restoring portal vein patency in 
selected liver transplant candidates, even in those with 
complete portal vein thrombosis. Further studies are 
needed to define potential responders to this 
approach. 
 
Key words: Cirrhosis, Liver transplant, Portal vein 
thrombosis 
 
Introduction 
 
The prevalence of portal vein thrombosis (PVT) in 
patients with cirrhosis at evaluation or at the time of 
liver transplant varies from 5%1 to 26%.2 Pathogenesis 
is multifactorial and related to several factors: altered 
balance of coagulation factors, increases in intrahepatic 
resistance to portal flow, and endothelial injury due 
to elevated portal pressure.3,4 Liver transplant in a 
patient with PVT was first reported in Pittsburgh, 
Pennsylvania (USA).5 Since then, various surgical 
and medical strategies have been proposed to treat 
PVT, facilitating end-to-end portal inflow when 
feasible. Intraoperative methods are associated with 
significant complications, including prolonged 
operative times, increased postoperative com -
plications, and higher in-hospital mortality rates.3,5-8 

The primary goal of management of PVT in 
patients on liver transplant wait lists is to achieve 
partial or complete recanalization to ensure portal 
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flow to the allograft or to prevent propagation of 
thrombus, particularly into the confluence with the 
superior mesenteric vein. Two primary treatment 
strategies for patients with PVT on wait lists are 
anticoagulation therapy and transjugular intrahepatic 
portosystemic shunt (TIPS) placement. Complete 
recanalization rate with systemic anticoagulation 
agents has been reported to be as high as 40%3; 
however, studies are mixed with regard to optimal 
agents and the duration/intensity for this 
indication.9,10 A major practical concern with the use 
of anticoagulant therapy is risk of inducing portal 
hypertensive-related bleeding and the need for 
repeated transfusion. Portal vein recanalization with 
TIPS placement has been reported in patients with 
PVT.11 However, in most studies, TIPS was indicated 
to treat severe complications of portal hypertension, 
and PVT was identified incidentally during work-up 
prior to TIPS placement. To our knowledge, few 
studies have examined TIPS placement with primary 
intent to maintain/restore PVT patency for future 
liver transplant. In this study, we report the efficacy 
and intermediate-term follow-up of 30 consecutive 
patients receiving TIPS to maintain portal vein 
patency for future liver transplant.  
 
Materials and Methods 
 
Patient selection 
After institutional review board approval, we 
conducted a retrospective review of 34 consecutive 
patients with cirrhosis who were on the transplant 
wait list and who had undergone TIPS placement at 
our institution (2010-2015) for primary indication to 
maintain portal vein patency. Four patients were 
excluded from our evaluation because of use of 
concomitant systemic anticoagulation agents. 
 
transjugular intrahepatic portosystemic shunt 

placement 
Transjugular intrahepatic portosystemic shunt 
placement was performed utilizing the Ring 
Transjugular Intrahepatic Access Set with aColapinto 
needle (Cook Medical, Bloomington, IN, USA), with 
the procedure routinely performed from the right 
hepatic vein to the proximal right portal vein. Before 
2012, this procedure was performed with fluoroscopic 
guidance with wedged CO2 portovenograms 
(Parallax, Waltham, MA, USA) and assisted by 
transabdominal ultrasonography and/or direct 

portal vein micropuncture access/wire placement  
to facilitate access.12,13 After 2012, most of these 
procedures have been performed with intravascular 
ultrasonography guidance.14,15 

Transluminal angioplasty of the intrahepatic tract 
followed by deployment of a Viatorr (Gore Medical, 
Flagstaff, AZ, USA)-covered stent across the tract 
was carried out (nominal diameter of 10 mm). The 
appropriate stent length was determined by 
simultaneous portovenogram (utilizing a marker 
band flush catheter) and inferior venacavagram  
via a 10-French angle-tipped Ring set sheath.  
Stents were placed from the portal vein extending 
slightly into the inferior vena cava. Most stents  
were dilated initially to 8 mm, and pressures were 
measured. If the portosystemic gradient (PSG) was 
greater than 12 mm Hg, then the stents were further 
dilated to 9 or 10 mm to achieve a PSG of less than  
12 mm Hg. A small number of patients with 
preexisting hepatic encephalopathy were only 
dilated initially to 6 mm. Repeat PSG, right atrial 
pressure, and a venogram were obtained after 
balloon dilation of the stent. 

Techniques used in our center to clear the 
thrombus before placement of TIPS depend on 
thrombus acuity. For acute thromboses, we obtain 
dual right intrajugular access and utilize intra vascular 
ultrasonography to guide access from the hepatic vein 
to the portal vein (usually the right hepatic vein to 
right portal vein) and place a Viatorr TIPS to secure 
access. Initially, the stent is not dilated to restrict the 
ability of thrombus to migrate and embolize. We  
then perform thrombolysis, thrombectomy, and 
angioplasty to clear the thrombus and establish good 
splenic and mesenteric venous inflow into the portal 
veins (Figures 1 to 6). This may be performed with 
or without main portal vein stent placement. Finally, 
the TIPS stent is dilated to achieve a right atrial PSG 
of 12 mm Hg or less to prevent thrombosis of the 
portovenous system after recanalization. 

For cases of chronic thrombosis, we again obtain 
dual right intrajugular access and utilize intra -
vascular ultrasonography to guide access from the 
hepatic vein to the portal vein (usually right hepatic 
vein to right portal vein). This also frequently 
requires recanalization of the splenic vein; mesenteric 
and portal veins may be assisted with trans-splenic 
and/or transhepatic access followed by angioplasty 
and stent placement to restore normal venous 
anatomy and flow. 
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Figure 1. Liver Transplant Candidate With Cirrhosis, Patent Intrahepatic Portal 
Vein (Arrow), and Distal Narrowing/Portal Vein Thrombus

Figure 2. Venogram Demonstrating Portal Vein Thrombus and Extensive 
Portosystemic Collaterals Figure 5. Good Flow Demonstrated in the Transjugular Intrahepatic 

Portosystemic Shunt and Portal Vein Stent

Figure 6. Liver Transplant Candidate With Transjugular Intrahepatic 
Portosystemic Shunt Deployed and Patent Portal and Mesenteric Veins

Figure 3. Obtaining Transjugular Intrahepatic Portosystemic Shunt Access 
With Transhepatic-Assisted Guidance

Figure 4. Transjugular Intrahepatic Portosystemic Shunt and Portal Vein Stent 
Deployed With Good Flow Demonstrated in the Splenic Vein and Superior 
Mesenteric Vein



radiographic assessment and clinical variables 
Improvement, resolution, or worsening of PVT was 
assessed by review of cross-sectional follow-up 
imaging at 6 months after TIPS placement based on 
assessment by United Network for Organ Sharing-
certified abdominal radiologists. Our secondary 
objective included an analysis of baseline factors 
predicting response with TIPS monotherapy. 
Response with TIPS was operationally defined as 
improvement, resolution, or prevention of further 
extension of thrombus while on the liver transplant 
wait list as assessed with multiphasic cross-sectional 
imaging follow-up at 6 months after TIPS placement. 
Preplacement demographics included age, biologic 
sex, race, cause of cirrhosis, biologic Model for  
End-Stage Liver Disease (MELD), hemoglobin, 
creatinine, international normalized ratio, total 
bilirubin, albumin, thrombus extension, and history 
of hepatic encephalopathy. 
 
Statistical analyses 
Demographic results along with TIPS procedure 
variables were recorded and analyzed to assess 
baseline differences between those who did and those 
who did not respond to the procedure. Categorical 
variables were analyzed using the Fisher exact test. 
Continuous variables were compared using the 
Wilcoxon rank sum test. P < .05 was considered 
significant. Data were analyzed with STATA software 
version 14 (StataCorp, College Station, TX, USA) 
 
Results 
 
Baseline demographics 
Thirty patients underwent TIPS for primary 
indication to maintain or restore PVT patency 
(baseline characteristics are listed in Table 1). The 
main portal vein was completely thrombosed in 5 of 
30 patients (16.6%), with near complete occlusion in 
9 of 30 patients (30%) and partially thrombosed 
portal vein in 16 patients (53.3%). Mean MELD  
(± standard deviation) for the cohort was 13.2 ± 3.69, 
and average reduction in PSG with TIPS placement 
was 8.96 ± 3.81 mm Hg. 
 
efficacy of transjugular intrahepatic portosystemic 

shunt for portal vein thrombosis patency and 

predictors of response 
Of 30 patients, 24 (80%) responded with improvement 
or resolution of PVT (Table 2). Of the 24 responders, 

18 patients (75%) had complete resolution of PVT.  
All 5 patients (20.8%) with complete PVT had 
improvement/resolution. 

The portal vein remained patent on the first cross-
sectional image after TIPS placement in 17 patients 
(56%) (median of 1.4 mo after placement). The portal 
vein remained completely patent in 19 patients (63%) 
(median duration of 7.1 mo) during the available 
follow-up interval. Nine patients (30%) required 
hospitalization within 3 months for hepatic 
encephalopathy. There were 3 deaths (10%), which 
were not related to TIPS. Nine patients underwent 
liver transplant post-TIPS (median of 2.9 mo; range, 
0.3-32 mo), and all 9 received end-to-end anastomoses 
(Table 3).  
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table 1. Baseline Characteristics

Variable Total (N = 30)  

Mean age (SD), y 55.2 (8.75) 
Male patient, No. (%) 16 (53.3) 
Non-White ethnicity, No. (%) 10 (33.3) 
Cause of liver disease, No. 
     HCV 14 
     NASH 6 
     Alcohol 3 
     PBC 2 
     Autoimmune 1 
     Other 4 
Mean hemoglobin (SD), g/dL  10.2 (2.50) 
Mean INR (SD) 1.54 (0.39) 
Mean creatinine (SD), mg/dL 0.90 (0.38) 
Mean albumin (SD), g/dL 2.87 (0.79) 
Mean bilirubin (SD), mg/dL 2.75 (2.85) 
Bilirubin > 2.0 mg/dL, No. (%) 13 (43.3) 
Mean MELD score (SD) 13.2 (3.69) 
Pre-TIPS hepatic encephalopathy, Yes (%) 13 (43.3) 
Degree of PVT before procedure, No. (%) 
     Partial 16 (53.3) 
     Near complete 9 (30.0) 
     Complete 5 (16.7) 
PVT grade by Yerdel classification, No. (%) 
     1 14 (46.7) 
     2 7 (23.3 
     3 7 (23.3) 
     4 2 (6.67) 
Extension of clot into superior  
   mesenteric/splenic vein, Yes (%) 17 (56.7) 
     Mean PSG before TIPS (SD), mm Hg  15.6 (4.69) 
     Mean PSG after TIPS (SD), mm Hg 6.67 (2.86) 
     Mean change in PSG (SD), mm Hg 8.96 (3.81) 
Shunt size, No. (%) 
     < 8 mm 9 (30.0) 
     8 mm 17 (56.7) 
     10 mm 4 (13.3) 
Mean 3-mo post TIPS MELD (SD) 13.5 (2.83) 
Transplant, Yes (%) 9 (30.0) 
Death, Yes (%) 3 (10.0)

Abbreviations: HCV, hepatitis C virus; INR, international normalized ratio; 
MELD, Model for End-Stage Liver Disease; NASH, nonalcoholic 
steatohepatitis; PBC, primary biliary cholangitis; PSG, portosystemic 
gradient; PVT, portal vein thrombosis; SD, standard deviation; TIPS, 
transjugular intrahepatic portosystemic shunt  



There were no differences in baseline demog -
raphics, TIPS procedural variables, or Yerdel grade 
of PVT between the responder and nonresponder 
groups (Table 2). 

Discussion  
 
Portal vein thrombosis is increasingly recognized in 
patients with cirrhosis, especially in patients on the 
transplant wait list. Nonphysiologic techniques used 
to restore portal vein flow (hemitranspositions  
and cavoportal and renoportal anastomoses) are 
associated with significantly increased morbidity and 
mortality.15,16 Furthermore, the use of anticoagulation 
agents for patients with chronic PVT is still 
controversial, and, in many candidates, systemic 
anticoagulation is relatively contraindicated due to 
high risk of luminal gastrointestinal tract bleeding.17 
The use of TIPS for treatment of chronic PVT has 
been utilized by many transplant centers as a method 
to improve portal vein patency or prevent 
progression of the thrombus to maintain transition 
of the patient to liver transplant. 

In this series, we found efficacy of TIPS 
monotherapy in maintaining and/or restoring PVT 
patency in liver transplant candidates. Interestingly, 
the grade of PVT and/or extension to superior 
mesenteric vein had no effect on the rate of response 
to TIPS for this indication. Our study has several 
limitations: principally, it is a retrospective analysis 
from a single center with a relatively small sample 
size and short follow-up duration. In this 
investigation, median MELD score was low (13), yet 
30% of patients received a liver transplant within a 
median of 3 months; this is a notably higher rate of 
transplant for patients with MELD score of < 15. 
There are many regions in the United States and 
worldwide where a patient with a low MELD score 
would have to wait much longer for liver transplant, 
and a 63% 7-month patency rate may not be 
sufficient to justify TIPS placement. However, 
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table 2. Outcomes

Variable No Response Response P Value  
Group (n = 6) Group (n = 24) 

Mean age (SD), years 48.7 (11.4) 56.9 (7.36) .07 
Male patient, No. (%) 3 (50.0) 13 (54.2) NS 
Ethnicity, No. (%) 
     White 5 (83.3) 15 (62.9) 
     Non-White 1 (16.7) 9 (37.5) 
Mean hemoglobin (SD), g/dL 8.63 (1.64) 10.6 (2.54) .09 
Mean INR (SD) 1.65 (0.50) 1.52 (0.37) .54 
Mean creatinine (SD), mg/dL 0.93 (0.35) 0.89 (0.39) .87 
Mean albumin (SD), g/dL 2.70 (0.58) 2.91 (0.84) .62 
Mean bilirubin (SD), mg/dL 2.42 (1.34) 2.84 (3.13) .56 
Bilirubin level, No. (%) 
     < 2.0 mg/dL 2 (33.3) 15 (62.5) 
     > 2.0 mg/dL 4 (66.7) 9 (37.5) 
Mean MELD score (SD) 14.5 (3.51) 12.9 (3.74) .32 
Pre-TIPS hepatic  
   encephalopathy, Yes (%) 3 (50.0) 10 (41.7) NS 
Degree of PVT before  
   procedure, No. (%) .043 
     Partial 6 (100.0) 10 (41.7) 
     Near complete 9 (37.5) 
     Complete 5 (20.8) 
PVT grade by Yerdel  
   classification, No. (%) NS 
     Grade 1 3 (50.0) 11 (45.8) 
     Grade 2 2 (33.3) 5 (20.8) 
     Grade 3 1 (16.7) 6 (25.0) 
     Grade 4 2 (8.33) 
Extension of clot into superior  
   mesenteric/splenic vein, Yes (%) 3 (50.0) 14 (58.3) NS 
     Mean PSG before TIPS (SD),  
        mm Hg 17.5 (3.21) 15.2 (4.94) .17 
     Mean PSG after TIPS (SD),  
        mm Hg 8.0 (3.16) 6.33 (2.76) .25 
     Mean change in PSG (SD), mm Hg 9.5 (2.58) 8.83 (4.10) .69 
Shunt size, No. (%) < .001 
     < 8 mm 1 (16.7) 8 (33.3) 
     8 mm 5 (83.3) 12 (50.0) 
     10 mm 4 (16.7) 
Extent of PVT on 1st follow-up   
   image, No. (%) < .001 
     None 1 (16.7) 17 (70.8) 
     Minimal 5 (83.3) 9 (25.0) 
     Partial 1 (4.17) 
     Near complete/complete 
Extent of PVT 6 mo post-TIPS, No. (%) .001 
     None 1 (16.7) 18 (75.0) 
     Minimal 5 (20.8) 
     Partial 3 (50.0) 
     Near complete/complete 2 (33.3) 1 (4.17) 
Mean 3-mo post-TIPS MELD (SD) 14.2 (2.56) 13.4 (2.93) .49 
Transplant, Yes (%) 2 (33.3) 7 (29.2) 1.0 
Death, Yes (%) 0 (0.0) 3 (12.5) 1.0 
Type of response, No. (%) 
     Resolved 18 (75.0) < .001 
     Near resolution 4 (16.7) 
     Improved 2 (8.33) 
     No change 6 (100.0)

Abbreviations: INR, international normalized ratio; MELD, Model for End-
Stage Liver Disease; NS, not significant; PSG, portosystemic gradient; PVT, 
portal vein thrombosis; SD, standard deviation; TIPS, transjugular 
intrahepatic portosystemic shunt  

table 3. Characteristics of Transplant Patients 

Patient Pre-TIPS 3 mo PVT SMV TIPS to End-to-End  
MELD Post-TIPS Grade* Extension LT Anastomosis 

MELD Duration 

1 9 12 1 Yes 8 mo Yes 
2 12 14 1 No 4 d Yes 
3 18 16 2 No 17 d Yes 
4 10 12 3 Yes 11 mo Yes 
5 18 16 1 Yes 8 d Yes 
6 14 15 1 No 2 mo Yes 
7 6 8 2 Yes 3 mo Yes 
8 15 15 2 No 32 mo Yes 
9 18 16 1 Yes 5 mo Yes 

Abbreviations: LT, liver transplant; MELD, Model for End-Stage Liver 
Disease; PVT, portal vein thrombosis; SMV, superior mesenteric vein; TIPS, 
transjugular intrahepatic portosystemic shunt 
*Based on Yerdel classification.
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presented results call out the need for further 
prospective investigations to evaluate predictors of 
response to TIPS monotherapy for PVT patency and 
the long-term durability of this approach in liver 
transplant candidates. 
  
References 
 
1. Englesbe MJ, Schaubel DE, Cai S, Guidinger MK, Merion RM. Portal 

vein thrombosis and liver transplant survival benefit. Liver Transpl. 
2010;16(8):999-1005. 

2. Gayowski TJ, Marino IR, Doyle HR, et al. A high incidence of native 
portal vein thrombosis in veterans undergoing liver 
transplantation. J Surg Res. 1996;60(2):333-338. 

3. Chen H, Turon F, Hernandez-Gea V, et al. Nontumoral portal vein 
thrombosis in patients awaiting liver transplantation. Liver Transpl. 
2016;22(3):352-365. 

4. Cherqui D, Duvoux C, Rahmouni A, et al. Orthotopic liver 
transplantation in the presence of partial or total portal vein 
thrombosis: problems in diagnosis and management. World J 
Surg. 1993;17(5):669-674. 

5. Kakaei F, Nikeghbalian S, Salahi H, et al. Liver transplantation in 
the presence of old portal vein thrombosis. Int J Organ Transplant 
Med. 2010;1(1):44-48. 

6. Seu P, Shackleton CR, Shaked A, et al. Improved results of liver 
transplantation in patients with portal vein thrombosis. Arch Surg. 
1996;131(8):840-844; discussion 844-845.  

7. Salem R, Vouche M, Baker T, et al. Pretransplant portal vein 
recanalization-transjugular intrahepatic portosystemic shunt in 
patients with complete obliterative portal vein thrombosis. 
Transplantation. 2015;99(11):2347-2355. 

8. Hibi T, Nishida S, Levi DM, et al. When and why portal vein 
thrombosis matters in liver transplantation: a critical audit of 174 
cases. Ann Surg. 2014;259(4):760-766.  

9. Huard G, Bilodeau M. Management of anticoagulation for portal 
vein thrombosis in individuals with cirrhosis: a systematic review. 
Int J Hepatol. 2012;2012:672986. 

10. DeLeve LD, Valla DC, Garcia-Tsao G; American Association for the 
Study of Liver Diseases. Vascular disorders of the liver. Hepatology. 
2009;49(5):1729-1764. 

11. Rana A, Hardy MA, Halazun KJ, et al. Survival outcomes following 
liver transplantation (SOFT) score: a novel method to predict 
patient survival following liver transplantation. Am J Transplant. 
2008;8(12):2537-2546.  

12. Rees CR, Niblett RL, Lee SP, Diamond NG, Crippin JS. Use of carbon 
dioxide as a contrast medium for transjugular intrahepatic 
portosystemic shunt procedures. J Vasc Interv Radiol. 1994;5(2): 
383-386.  

13. Ferral H, Bilbao JI. The difficult transjugular intrahepatic 
portosystemic shunt: alternative techniques and "tips" to 
successful shunt creation. Semin Intervent Radiol. 2005;22(4):300-
308. 

14. Farsad K, Fuss C, Kolbeck KJ, et al. Transjugular intrahepatic 
portosystemic shunt creation using intravascular ultrasound 
guidance. J Vasc Interv Radiol. 2012;23(12):1594-1602.  

15. Pillai AK, Andring B, Faulconer N, et al. Utility of intravascular US-
guided portal vein access during transjugular intrahepatic 
portosystemic shunt creation: retrospective comparison with 
conventional technique in 109 patients. J Vasc Interv Radiol. 
2016;27(8):1154-1159.  

16. Paskonis M, Jurgaitis J, Mehrabi A, et al. Surgical strategies for liver 
transplantation in the case of portal vein thrombosis--current role 
of cavoportal hemitransposition and renoportal anastomosis. Clin 
Transplant. 2006;20(5):551-562.  

17. Manzanet G, Sanjuan F, Orbis P, et al. Liver transplantation in 
patients with portal vein thrombosis. Liver Transpl. 2001;7(2):125-
131.  

 



Abstract 
 
Objectives: In this study, we presented neuroradiologic 
findings and diagnoses of neurologic complications in 
a series of heart transplant recipients. 
Materials and Methods: A retrospective review was 
conducted at Başkent University Hospital. We searched 
the hospital and radiology databases and identified  
109 heart transplant recipients. Thirty-one of these 
recipients had neuroradiologic evaluations secondary to 
presentation of neurologic symptoms after heart 
transplant, with 18 patients evaluated with computed 
tomography and 22 patients evaluated with magnetic 
resonance imaging (overlap of imaging-defined groups 
occurred in 9 recipients). Computed tomog raphy and 
magnetic resonance imaging studies were retrieved 
from the Picture Archiving and Communication System, 
with each type of imaging retrospectively evaluated on 
consensus by 2 radiologists. 
Results: Radiopathologic findings related to symptoms 
were detected in 12 of the 31 study patients. The most 
common abnormality was posterior reversible leuko -
encephalopathy syndrome (5 patients, 4.6%). The other 
abnormalities were ischemic stroke (3 patients, 2.8%), 
hemorrhagic stroke (1 patient, 0.9%), intracranial 
abscess (2 patients, 1.8%), and intracranial dissem -
ination of sinusoidal fungal infection and related 
hemorrhagic infarct (1 patient, 0.9%). The other 19 
heart transplant recipients who underwent computed 
tomography and/or magnetic resonance imaging for 
neurologic complaints showed no neuroradiologic 
findings related to neurologic symptoms. 
Conclusions: Posterior reversible leukoencephalopathy 
syndrome and ischemic stroke were the most common 

neurologic complications in our heart transplant 
recipients. The other complications were hemorrhagic 
stroke, intracranial abscess, and intracranial dis -
semination of sinusoidal fungal infection. Neurologic 
complications are common in heart transplant recipients 
and should be identified promptly for early treatment. 
For the recognition of these complications, computed 
tomography should be performed for initial evaluation 
to rule out edema or hemorrhage. However, in the 
presence of serious neurologic symptoms that cannot 
be explained by computed tomography, magnetic 
resonance imaging should be indicated. 
  
Key words: Heart transplantation, Neurologic 
complications, PRES, Stroke 
 
Introduction 
 
Currently, heart transplantation remains the best 
long-term therapy for patients with end-stage heart 
failure who have failed conventional medical 
therapies.1 Patients who are candidates for heart 
transplant have an increased prevalence of vascular 
risk factors, such as hypertension, hypercho -
lesterolemia, diabetes, obesity, and smoking. As a 
result, neurologic complications occur more 
commonly with heart transplant compared with 
other transplant procedures.2 Frequency of these 
complications depends on follow-up, ranging from 
23% to 81%. Ischemic stroke is the most common 
cerebrovascular complication in heart transplant 
recipients.1,3 Posterior reversible leukoencephalopathy 
syndrome (PRES) is another common neurologic 
complication in these patients. Other early and late 
cerebrovascular complications include hemorrhagic 
stroke, transient ischemic attack, and less often 
central nervous system (CNS) infections, mass, and 
lymphoproliferative disorders.1,4,5 

Neurologic complications are associated with 
significant morbidity and increased mortality in 
heart transplant recipients.3 The clinical presentation 
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ranges from generalized encephalopathy to focal 
neurologic deficits,3,6 but the diagnosis is often 
difficult because systemic and metabolic disorders 
and immunosuppressive therapy may obscure 
symptoms of an underlying CNS lesion.7,8 Prompt 
neuroradiologic diagnosis is crucial for the proper 
treatment of serious neurologic complications. The 
role of neuroradiology in this population includes 
the early detection and monitoring of the progression 
of complications, evaluation of treatment response, 
and localization of the appropriate site for 
stereotactic or open biopsy in specific cases.9,10 Brain 
computed tomography (CT) and/or magnetic 
resonance imaging (MRI) studies are often necessary 
after the clinical examination and electrodiagnostic 
and laboratory tests when neurologic symptoms 
present in heart transplant recipients. In this study, 
we reviewed the neuroradiologic findings and 
diagnoses of neurologic complications in a series of 
heart transplant recipients. 
 
Materials and Methods 
 
A retrospective review was conducted on all patients 
who underwent heart transplantation at Başkent 
University Hospital. Institutional review board 
approval was obtained before the study. We searched 
the hospital and radiology databases and identified 
109 heart transplant recipients. Of these, 31 recipients 
received neuroradiologic evaluation secondary to 
presentation of neurologic symptoms after heart 
transplant. These symptoms were evaluated with CT 
in 18 recipients and with MRI in 22 recipients (with 
overlap of imaging-defined groups in 9 recipients). 
These 31 patients made up our study group. 

Demographic and clinical factors, such as age, 
sex, reason for transplant, symptoms at time of 
presentation, time from transplant to onset of 
symptoms, physical findings, medications, and 
additional diseases of recipients, were recorded. 

Computed tomography scans were performed 
using 4-detector CT (Somatom 4; Siemens, Erlangen, 
Germany) or 16-detector CT (Sensation 16; Siemens). 
With 16- or 4- detector CT, images were obtained at a 
3- or 2.5-mm slice thickness for the posterior fossa 
and a 5- or 6-mm slice thickness for the supra -
tentorial region. Contrast medium was administered 
in patients when needed. 

Magnetic resonance imaging studies were 
performed on a Siemens 1.5T (Magnetom Avanto, 

Erlangen, Germany) system. In all patients, T1-
weighted axial and sagittal images (time of repetition 
[TR]/time of echo [TE]/number of excitations 
[NEX]/slice thickness = 500-580/13-15/2/5-5.5),  
T2-weighted coronal images (TR/TE/NEX/slice 
thickness = 4100-5160/99-103/2/5-5.5), and fluid-
attenuated inversion recovery axial images 
(TR/TE/NEX/slice thickness = 9000-10 000/105-
140/2/5-5.5) were acquired. Echo planar images 
were obtained with diffusion gradients at 1.5T in x, y, 
and z planes using 5-mm-thick sections with 1.5 mm 
of skip at b = 0, 500, and 1000 s/mm2. Apparent 
diffusion coefficient maps were automatically 
generated. T1-weighted images in axial and coronal 
planes were obtained after intravenous gadolinium 
administration (0.1 mmol/kg) in patients with 
possible abscess or encephalitis. Patients were 
sedated when needed; these patients were monitored 
by electrocardiography and pulse oximetry with an 
anesthesiologist present throughout the examination. 
Images of CT and MRI studies were retrieved from 
the Picture Archiving and Communication System 
and were retrospectively evaluated on consensus by 
2 radiologists. 
 
Results 
 
In the 31 heart transplant recipients who underwent 
CT and/or MRI, mean age at the onset of symptoms 
was 30.4 years (range, 7.5-59 y). The patient group 
consisted of 16 male (51.6%) and 15 female (48.4%) 
heart transplant recipients. Overall time from 
transplant to onset of symptoms was 3 days to 7 
years (mean of 15.5 mo). Underlying diseases that 
had resulted in heart failure varied widely. Causes of 
heart failure in the 31 study patients are shown in 
Table 1. All patients were under mycophenolate 
mofetil (a selective immunosuppressant agent) 
and/or tacrolimus (a calcineurin inhibitor) and/or 
prednisolone (a systemic corticosteroid) therapy. 

Patients presented with various symptoms. Two 
patients were evaluated for possible metastasis and 
aspergillosis, although they did not have any 

table 1. Underlying Diseases Leading to Heart Transplant in Our Patient 
Group (N = 31)

Underlying Disease No. of Patients (%) 

Dilated cardiomyopathy 21 (67.7%) 
Restrictive cardiomyopathy 4 (12.9%) 
Heart failure 3 (9.7%) 
Complex congenital heart diseases 2 (6.5%) 
Myocarditis 1 (3.2%) 
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symptoms. Details of the indications for CT and/or 
MRI examinations are shown in Table 2. 

Radiopathologic findings related to symptoms 
were detected in 12 of the 31 heart transplant 
recipients who underwent CT and/or MRI. The 
diagnosis, symptoms, and time from transplant to 
onset of symptoms are listed in Table 3. Among 
patients with neuroradiologic findings, the most 
common abnormality was PRES in 5 patients (4.6%). 
Other findings were ischemic stroke (3 patients, 
2.8%), hemorrhagic stroke (1 patient, 0.9%), intra -
cranial abscess (2 patients, 1.8%), and intracranial 
dissemination of sinusoidal fungal infection and 
related hemorrhagic infarct (1 patient, 0.9%). For 
patients who had PRES, CT, MRI, and diffusion-
weighted MRI studies revealed vasogenic edema 
within the affected regions, with nonenhancing areas 
of low attenuation in CT and multiple areas of 
increased signal intensity in the subcortical white 
matter on T2-weighted images on MRI. For patients 
who had ischemic stroke, CT showed loss of gray-
white matter differentiation and cortical hypodensity 
with associated parenchymal swelling with resultant 
gyral effacement. In patients with no evidence of 
stroke on CT, MRI and/or diffusion-weighted MRI 
revealed the infarction. In the patient with 
hemorrhagic stroke, CT easily disclosed the affected 
regions as hyperdense areas. In the patients who had 

intracranial abscesses, CT showed the hypodense 
cystic masses with vague or no prominent 
enhancement. In the patient with intracranial 
dissemination of sinusoidal fungal infection, MRI 
showed hyperintensities in the affected areas. 

In the remaining 19 heart transplant recipients 
who underwent CT and/or MRI for neurologic 
complaints, no neuroradiologic findings related to 
neurologic symptoms were detected. The most 
common complaint was headache (n = 7; Table 2). In 
this patient group, time from transplant to onset of 
symptoms was 5 days to 6 years (mean of 14.5 mo). 
Some of these recipients showed chronic ischemic-
hemorrhagic findings such as microangiopathic 
ischemic gliosis (n = 2), lacunar infarct (n = 2), 
encephalomalacia (n = 3), and chronic hemorrhagic 
area (n = 1) on CT and/or MRI. In addition, cerebral 
and/or cerebellar atrophy was observed at varying 
degrees in 7 of these patients (age range, 19-57 y, 
mean age of 40 y). 
 
Discussion 
 
Neurologic complications, which occur frequently in 
heart transplant recipients (23%-81%), markedly 
increase mortality and morbidity.3 Neurologic 
complications in such patients are influenced by their 
primary disease, prior cardiovascular and CNS 
status, the surgical procedure and postoperative 
course, and posttransplant medications. The most 
common complication in heart transplant recipients 
is ischemic stroke, which has been shown to occur in 
3% to 10% of patients,3,11 followed by drug toxicity 
and related PRES.7 Most strokes are due to ischemic 
infarctions; however, hemorrhagic strokes can also 
occur in 0.6% to 2.5% of heart transplant recipients.12 
Other early and late cerebrovascular complications 
include CNS infections, mass, and lympho -
proliferative disorders.1,4,5 In our series of heart 
transplant recipients with serious neurologic 

table 2. Indications for Computed Tomography and/or Magnetic 
Resonance Imaging in Our Heart Transplant Patient Group (N= 31)

Symptom No Neuroradiologic Positive 
Finding Neuroradiologic  

(n = 19, 61.3%) Finding (n = 12, 38.7%) 

Seizure 4 5 
Headache 7  
Altered mental status 4 
Visual disturbance 1 2 
Numbness 1 1 
Tremor 1 
Dizziness 1 
Sudden arm/leg weakness 1 
Foot drop 1 
No symptom 2  

table 3. Diagnosis, Symptoms, and Mean Time From Transplant to Onset of Symptoms of Heart Transplant Recipients Who Had Neuroradiologic Findings on 
Computed Tomography and/or Magnetic Resonance Imaging

Neuroradiologic Diagnosis Symptom Mean Time From Transplant to  
Onset of Symptom 

Posterior reversible encephalopathy syndrome Seizures (n = 4); visual problems (n = 1) 1.5 months (5 days to 3 months) 
Ischemic cerebrovascular events Altered mental status (n = 1); numbness 10 months (5 days to 2.3 years) 

   (n = 1); visual problems (n = 1) 
Hemorrhagic cerebrovascular event Altered mental status (n = 1) 16 days 
Intracranial abscess Seizures (n = 1); altered mental status (n = 1) 3 months (2 to 3.5 months) 
Intracranial dissemination of sinusoidal Altered mental status (n = 1) 7 years 
   fungal infection and hemorrhagic infarct 
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symptoms evaluated by neuroimaging, PRES was 
more commonly seen (4.6%), although ischemic 
stroke (2.8%) and hemorrhagic stroke (0.9%) also 
occurred. In addition, we observed occurrences of 
intracranial abscess (1.8%) and intracranial 
dissemination of sinusoidal fungal infection and 
related hemorrhagic infarct (0.9%). 

Cardiovascular risk factors for ischemic stroke are 
present in many heart transplant patients, including 
hypertension, hyperlipidemia, atrial fibrillation, and 
diabetes mellitus.12 Preoperative left ventricular 
assist device support, preoperative intraaortic 
balloon pump support, prolonged cardiopulmonary 
bypass time, postoperative hepatic failure, older age, 
the presence of extracranial carotid artery stenosis 
over 50%, pretransplant ventilator dependence, 
postoperative dialysis, infection requiring antibiotics 
before discharge, pacemaker implantation, and  
drug-treated hypertension during follow-up can all 
contribute to increased risk of cerebral infarction.2,11,13 
Furthermore, transplant-associated ischemic stroke is 
more common in patients transplanted for dilated 
cardiomyopathy, prior valvular disease, or congen -
ital heart diseases.3,13 

In heart and liver allograft recipients, strokes 
occur earlier after transplant, whereas they tend to 
occur later after kidney transplant.14 According to the 
results of studies providing specific information 
about stroke pathogenesis after heart transplant, the 
ischemic stroke subtype distribution is different from 
the distribution observed in the general population. 
Specifically, large artery atherosclerosis (5%), small 
vessel disease (5%), and cardioembolism (15%) are 
seen less often, but unusual causes (35%) and un -
determined causes (40%) occur more frequently.1,11,15-17 

In our series, 3 patients who developed ischemic 
stroke had dilated cardiomyopathy contributing to 
heart failure, with stroke occurring within 10 days of 
transplant in 2 patients and during the late period in 
1 patient. Reasons contributing to ischemic stroke 
were embolism in 2 patients and undetermined cause 
in 1 patient (Figure 1). 

Hemorrhagic stroke is usually caused by 
coagulation disorders, high pressure of the cardio -
pulmonary bypass, and uncontrolled blood 
pressure.16 In heart transplant recipients, early 
perioperative hemorrhagic stroke may occur in the 
setting of pretransplant low cardiac output followed 
by posttransplant relative hyperperfusion associated 
with disordered cerebral autoregulatory pressor 
response.14 Lobar hemorrhagic stroke has been 
reported without coagulation disorders and 
uncontrolled blood pressure in up to 5% of patients, 
probably due to a mechanism of hyperperfusion.18 
After heart transplant, hemorrhagic stroke is most 
commonly located in the deep (basal ganglia, 
thalamus, pons, and cerebellum) versus in the 
cerebral lobes.1,3,11,15-18 In our series, 1 patient 
presented with multiple cerebral and cerebellar 
hematomas in both deep and lobar localizations and 
had subarachnoid hemorrhage due to throm -
bocytopenia and probably due to mechanism of 
hyperperfusion (Figure 2). 

Computed tomography and MRI are primary 
imaging methods used in patients who have 
suspected cerebrovascular diseases. The role of 
immediate CT in the management of acute cerebral 
infarction is crucial. Intracerebral hemorrhage can be 
rapidly diagnosed or excluded by CT. The CT 
findings in acute cerebral infarction evolve with time. 

Figure 1. 57-Year-Old Male Patient Presenting With Altered Mental Status

Axial computed tomography (CT) images show large hypodense area that involved both the gray and white matter in the middle cerebral 
artery distribution in the right hemisphere and a hypodense area in the left cerebellum (thick arrows in A and B). A hyperattenuating 
middle cerebral artery is also seen (thin arrows in A and B). Diffusion-weighted (c) and apparent diffusion coefficient (D) magnetic 
resonance images (obtained 1.5 h after CT) demonstrate cytotoxic brain edema in multiple areas, consistent with ischemic stroke.  



Almost 60% of CT scans obtained within the first few 
hours after cerebral infarction are normal. Acute 
strokes are identified more often and localized more 
accurately with MRI than with CT scans. With the use 
of diffusion-weighted MRI, signal intensity changes 
can be detected within minutes of arterial occlusion. 
Acute infarcts have lower apparent diffusion 
coefficients than noninfarcted brain and may be a 
sensitive indicator of early cytotoxic brain edema.19 
After the exclusion of intracerebral hemorrhage by CT 
in patients suspected of cerebrovascular disease, 
patients should immediately undergo MRI and/or 
diffusion-weighted MRI. 

Posterior reversible leukoencephalopathy syn -
drome is a clinical/radiologic syndrome characterized 
by alterations in mental status, personality changes, 
headaches, visual disturbances, and seizures. These 
symptoms can occur in the early postoperative 
period or later, emerging due to immunosuppressive 
treatment and accompanied by distinctive MRI 
findings.20 Despite the proven efficacy of calcineurin 
inhibitors (cyclosporine and tacrolimus) to prevent 
acute rejection episodes and to enhance graft 
survival, recipients may develop PRES.21,22 Posterior 
reversible leukoencephalopathy syndrome occurs 
more frequently in the presence of high blood levels 
of drugs; however, some patients have levels within 
the therapeutic range.23 This syndrome may also be 
related to other changes induced by calcineurin 
inhibitors, including kidney insufficiency, hyper -
tension, hypomagnesemia, hypocholesterolemia, and 
high doses of cortisone.4 Although it has been reported 
that 82% of cases occur within 90 days of transplant, 

presentation at 7.5 years posttransplant has also been 
reported.24 

Posterior reversible leukoencephalopathy syn -
drome has been extensively described after bone 
marrow, liver, renal, and lung transplant but less in 
heart transplant recipients.4,25 In PRES, the 
abnormalities are usually seen in a symmetric 
bilateral distribution involving mainly the parietal 
and occipital lobes, but involvement of temporal and 
frontal cortex and additional areas of the brain, 
including brain stem, cerebellum, and basal ganglia, 
has also been reported.26-28 The pathophysiology of 
PRES and state of brain blood flow remain 
controversial. In early studies, vasoconstriction seen 
by catheter angiography prompted the authors to 
postulate that reduced brain perfusion led to the 
imaging features. In contrast, animal studies have 
suggested that experimentally induced hypertension 
above the autoregulatory limit led to hyperperfusion, 
break down of the blood-brain barrier, and 
hemispheric edema.29,30 In PRES, hyperperfusion or 
hypoperfusion has been demonstrated in various 
diseases, including molar pregnancy, eclampsia, 
aneurysmal subarach noid hemorrhage, after 
chemotherapy, and in autoimmune diseases, and 
with various imaging methods such as single-photon 
emission CT and magnetic resonance perfusion.31-38 
In addition, relative cerebral blood volume has been 
shown to be reduced moderately in areas of PRES 
(average of 65%) compared with normal uninvolved 
regions in 2 studies.33,38 In their comparison of 
anterior versus posterior hemispheric flow, Brubaker 
and associates found that magnetic resonance 
perfusion demon strated significant posterior brain 
hypoperfusion with increased mean transit time, 
reduced cerebral blood volume, and reduced cerebral 
blood flow.37 After heart transplant, patients have 
shown residual frontal hypoperfusion on single-
photon emission CT with 99m tchexamethyl-
propylene-amineoxime,39 and these cerebral 
anomalies may be because of long-standing cerebral 
hypoperfusion resulting from severe heart disease or 
microemboli caused by a cardiovascular bypass.12 On 
the basis of these results, cerebral hyperperfusion 
followed by hypoperfusion resulting from severe heart 
disease may be a trigger of PRES in heart transplant 
recipients. Therefore, frontal involvement may be more 
common in heart transplant recipients. Indeed, in our 
series, 3 of 5 patients with PRES had frontal 
involvement (Figure 3). 
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Axial computed tomography images in A and B show multiple hyperdense 
areas consistent with parenchymal hematomas (thick arrows) and 
subarachnoid hemorrhage (thin arrows) in both hemispheres due to 
thrombocytopenia and with a mechanism of hyperperfusion. Brain has an 
edematous appearance. 

Figure 2. 7-Year-Old Girl Presenting With Altered Mental Status 16 Days After 
Heart Transplant
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In patients with PRES, radiologic findings may 
suggest reversible intracranial vasogenic edema. 
Brain CT results of patients with PRES are often 
normal. However, T2-weighted MRIs show high 
signals in affected areas. These findings are best 
demonstrated as hyperintense signals on fluid-
attenuated inversion recovery sequence.26 Increased 
diffusion on diffusion-weighted MRI may suggest 
vasogenic edema from endothelial damage rather 
than cytotoxic edema from regional ischemia.40 These 
symptoms typically reverse promptly when the 
immunosuppressive treatment is changed or when 
drug doses are reduced.4 The clinical resolution of 
symptoms may then permit confirmation of PRES.41 

Early recognition is essential, and delayed diagnosis 
may lead to status epilepticus, intracranial 
hemorrhage, ischemic infarction leading to neurologic 
damage, or death.42 

In heart transplant recipients who are receiving 
calcineurin inhibitors, central neurologic alterations 
should prompt radiologic imaging to investigate 
PRES. Magnetic resonance imaging should be the 
diagnostic procedure of choice. In our patients, 
associated seizures, hypertension, and renal 
impairment pointed toward anticalcineurin toxicity, 
although tacrolimus levels were within therapeutic 

ranges. The onset of these symptoms was within the 
first 3 months after transplant. Patients were treated 
symptomatically, resulting in clinical resolution of 
symptoms. Follow-up MRIs also revealed resolution 
of previous edema and cortical abnormalities. 

More potent and effective immunosuppressive 
regimens have reduced the risk of graft rejection; 
however, these regimens have increased the 
susceptibility of transplant recipients to a variety of 
opportunistic CNS infections. These potentially life-
threatening infections may be nonspecific and far 
from acute or obvious in transplant recipients.43 Viral 
and fungal pathogens are more often implicated in 
opportunistic CNS infections in allograft recipients 
than bacteria and protozoa.25 Central nervous system 
involvement is often metastatic from another site as 
part of systemic dissemination. Spread can also occur 
directly from sinuses.43 The two most common 
pathogens are Cryptococcus and Aspergillus species. 
Munoz and associates reported that, among solid-
organ transplant recipients, heart transplant recipients 
have the highest incidence of toxoplasmosis.44 

Orofacial aspergillosis is a rare clinical condition, 
which primarily affects, the paranasal sinuses,  
nasal cavity, mouth, facial skin, and orbit. The  
fungal lesions in the nasal, oral, and sinusoidal 

Figure 3. Magnetic Resonance Images of an 11-Year-Old Girl Presenting With Seizures 11 Days After Heart Transplant

Bilateral cerebral hyperintensities on fluid-attenuated inversion recovery (FLAIR) images in the frontal and occipital cortex (thin arrows), 
and right thalamus (thick arrows) are shown, consistent with posterior reversible encephalopathy syndrome (A and B). Diffusion-weighted 
images (DWI; c) and apparent diffusion coefficient (D) images demonstrate edema. Six months later, edema vanished on FLAIR (e) and 
regressed on DWI (F). 



cavities may be the indirect result of thrombotic 
vascular infarction or dissem ination to brain 
parenchyma.45 

Opportunistic CNS infections occur in about 5% 
to 10% of all renal transplant recipients.46 In heart 
transplant recipients, to our knowledge, the rates are 
unknown. Fungal CNS infections are fortunately 
becoming less common in transplant patients,  
but they still carry high mortality, and early and 
accurate diagnosis is of great importance.47 
Neuroimaging studies may show evidence of an 
abscess, encephalitis, or even brain infarction.9  
The most common imaging characteristics of cerebral 
aspergillosis at CT or MRI are multiple lesions  
with infarction or hemorrhage in a random 
distribution due to the angioinvasive nature of the 
infection.48 

Abscesses may appear radiologically identical to 
other brain abscesses as classic ring-enhancing 
lesions with striking high signal intensity on 
diffusion-weighted imaging. However, contrast 
material enhancement may be vague or absent. A 
hypointense ring is often seen in the periphery of the 
lesions on T2-weighted MRIs. In cases where CNS 
aspergillosis is secondary to paranasal sinus disease, 
associated invasive rhinosinusitis, osteomyelitis, 
local dural enhancement, and subdural empyema 
may also be present.48 Two patients in our heart 
transplant study group presented with abscesses 
within 3 months after heart transplant, which were 
diagnosed with CT. One patient had multiple 
hypodense cystic masses with no prominent 
peripheral enhancement, and the other patient had 1 
lesion with vague peripheral enhancement after 
contrast medium administration. In one of these 
patients, Aspergillus fumigatus was isolated (Figure 4). 
Another patient was diagnosed with orofacial 
aspergillosis, which presented 7 years after heart 
transplant. The patient’s MRI showed extensive 
swelling and edema of right hemi-face, including 
orbita, infraorbital region, dorsum nasi, anterior of 
maxilla, parotid gland, infratemporal fossa, pterygoid 
muscles, and neck. T2-weighted images showed a 
hypointense nodular lesion in the right maxillary  
sinus suggesting fungal infection. Focal hyperintense 
signals consistent with focal cerebritis were present  
in the right temporal lobe, in the contiguity of 
cavernous sinus. Acute infarction findings were  
shown on the right cerebellum, vermis, and pons 
(Figure 5). 

Of 31 study patients, 19 heart transplant 
recipients who underwent CT and/or MRI for 
neurologic complaints showed no radiopathologic 
finding related to symptoms. The most common 
complaint was headache in these patients. In their 
study, Donmez and colleagues reported similar 
findings for liver transplant recipients and suggested 
that headaches not accompanied by other complaints 
or objective signs could be evaluated initially by 
CT.49 Other symptoms in our recipients were tremor, 
dizziness, sudden arm/leg weakness, and foot drop, 
which were probably related to side effects of drugs 
and transient ischemic attacks. Imaging studies in 
these patients showed chronic ischemic-hemorrhagic 
findings, including microangiopathic ischemic 
gliosis, lacunar infarct, encephalomalacia, and 
chronic hemorrhagic area. Also, cerebral-cerebellar 
atrophy was observed at varying degrees in patients 
at younger ages than in the normal population. These 
findings are related to advanced heart failure, 
decreased cerebral blood flow and hypoperfusion, 
underlying atherosclerosis, and antithrombotic drug 
use in these patients. 

To investigate neurologic complications, CT is 
preferred for initial evaluation to rule out edema or 
hemorrhage. In the presence of serious neurologic 
symptoms that cannot be explained by CT findings, 

820 Hale Turnaoglu et al/Experimental and Clinical Transplantation (2020) 7: 814-822 Exp Clin Transplant

Figure 4. Contrast-Enhanced Computed Tomography Scan of a 59-Year-Old 
Male Patient With History of Pulmonary Aspergillosis, Presenting With 
Seizures 3.5 Months After Heart Transplant

Peripheral enhancing nodular hypodense lesion in the right frontal lobe is 
seen (arrow). This patient had surgery, and Aspergillus fumigatus was 
isolated. 
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patients should have MRIs. However, agitated, 
lethargic, or potentially seizing patients might not 
remain still or safely undergo sedation for relatively 
lengthy routine MRI protocols. Therefore, some of 
our heart transplant recipients with neurologic 
complications were evaluated only by CT. A shorter 
MRI protocol may be devised in many instances, 
such as limiting the study to diffusion-weighted, 
gradient-echo, and T2-weighted images.49 
 
Conclusions 
 
The most common neurologic complications in our 
heart transplant recipients were PRES and ischemic 
stroke. Other complications included hemorrhagic 
stroke, intracranial abscess, and intracranial 
dissemination of sinusoidal fungal infection. 
Neurologic complications are common in heart 
transplant recipients and should be identified 
promptly for early treatment. To investigate these 
complications, CT is preferred for initial evaluation 
to rule out edema or hemorrhage. However, when 
serious neurologic symptoms cannot be explained by 
CT findings, MRI should be indicated. 

References 
 
1. van de Beek D, Kremers W, Daly RC, et al. Effect of neurologic 

complications on outcome after heart transplant. Arch Neurol. 
2008;65(2):226-231.  

2. Heroux A, Pamboukian SV. Neurologic aspects of heart 
transplantation. Handb Clin Neurol. 2014;121:1229-1236.  

3. Perez-Miralles F, Sanchez-Manso JC, Almenar-Bonet L, Sevilla-
Mantecon T, Martinez-Dolz L, Vilchez-Padilla JJ. Incidence  
of and risk factors for neurologic complications after heart 
transplantation. Transplant Proc. 2005;37(9):4067-4070.  

4. Navarro V, Varnous S, Galanaud D, et al. Incidence and risk factors for 
seizures after heart transplantation. J Neurol. 2010;257(4):563-568.  

5. Jaiswal A, Sabnani I, Baran DA, Zucker MJ. A unique case of 
rituximab-related posterior reversible encephalopathy syndrome 
in a heart transplant recipient with posttransplant lymp -
hoproliferative disorder. Am J Transplant. 2015;15(3):823-826.  

6. Wright AJ, Fishman JA. Central nervous system syndromes in solid 
organ transplant recipients. Clin Infect Dis. 2014;59(7):1001-1011. 

7. Senzolo M, Ferronato C, Burra P. Neurologic complications after 
solid organ transplantation. Transpl Int. 2009;22(3):269-278. 

8. Server A, Bargallo N, Floisand Y, Sponheim J, Graus F, Hald JK. 
Imaging spectrum of central nervous system complications of 
hematopoietic stem cell and solid organ transplantation. 
Neuroradiology. 2017;59(2):105-126. 

9. Zivkovic S. Neuroimaging and neurologic complications after 
organ transplantation. J Neuroimaging. 2007;17(2):110-123.  

10. Guarino M, Benito-Leon J, Decruyenaere J, et al. EFNS guidelines 
on management of neurological problems in liver transplantation. 
Eur J Neurol. 2006;13(1):2-9. 

11. Zierer A, Melby SJ, Voeller RK, et al. Significance of neurologic 
complications in the modern era of cardiac transplantation. Ann 
Thorac Surg. 2007;83(5):1684-1690. 

Figure 5. Magnetic Resonance Image of a 55-Year-Old Male Patient Presenting With Swelling of the Right Hemi-Face 
and Altered Mental Status

Extensive swelling and edema of right hemi-face, including orbita, infraorbital region, dorsum nasi, anterior of 
maxilla, parotid gland, infratemporal fossa, pterygoid muscles, and neck, are seen on the T1-weighted fat-saturated 
coronal images (A and B). On the T2-weighted fat-saturated axial image, a hypointense nodular lesion in the right 
maxillary sinus, suggesting fungal infection, is observed (arrow in c). Hyperintensities on the fluid-attenuated 
inversion recovery image (D) and diffusion restriction on the diffusion-weighted image (e) consistent with acute 
infarction are seen in the right cerebellum, vermis, and pons (arrows). Cause was determined as aspergillosis. 



822 Hale Turnaoglu et al/Experimental and Clinical Transplantation (2020) 7: 814-822 Exp Clin Transplant

12. Pizzi M, Ng L. Neurologic complications of solid organ 
transplantation. Neurol Clin. 2017;35(4):809-823. 

13. Morgan CT, Manlhiot C, McCrindle BW, Dipchand AI. Outcome, 
incidence and risk factors for stroke after pediatric heart 
transplantation: An analysis of the International Society for Heart 
and Lung Transplantation Registry. J Heart Lung Transplant. 
2016;35(5):597-602.  

14. Sila CA. Spectrum of neurologic events following cardiac 
transplantation. Stroke. 1989;20(11):1586-1589.  

15. Adair JC, Call GK, O'Connell JB, Baringer JR. Cerebrovascular 
syndromes following cardiac transplantation. Neurology. 1992; 
42(4):819-823.  

16. Belvis R, Marti-Fabregas J, Cocho D, et al. Cerebrovascular disease 
as a complication of cardiac transplantation. Cerebrovasc Dis. 
2005;19(4):267-271.  

17. Guillon B, Wiertlewski S, Trochu JN, et al. [Late cerebrovascular 
complications of cardiac transplantation]. Rev Neurol (Paris). 
2000;156(3):264-269.  

18. Acampa M, Lazzerini PE, Guideri F, Tassi R, Martini G. Ischemic 
stroke after heart transplantation. J Stroke. 2016;18(2):157-168.  

19. Davis WL, Jacobs J. Cerebral vasculature: normal anatomy and 
pathology. In: Osborn AG, ed. Diagnostic Neuroradiology. St. Louis, 
MO: Mosby; 1994:154-385. 

20. Kwon S, Koo J, Lee S. Clinical spectrum of reversible posterior 
leukoencephalopathy syndrome. Pediatr Neurol. 2001;24(5):361-
364.  

21. Chow KM, Szeto CC. Posterior leukoencephalopathy with 
cyclosporine. Clin Nephrol. 2003;60(4):297-298; author reply 298.  

22. Munoz R, Espinoza M, Espinoza O, Andrade A, Bravo E, Gonzalez 
F. Cyclosporine-associated leukoencephalopathy in organ 
transplant recipients: experience of three clinical cases. Transplant 
Proc. 2006;38(3):921-923.  

23. Wijdicks EF, Wiesner RH, Krom RA. Neurotoxicity in liver transplant 
recipients with cyclosporine immunosuppression. Neurology. 
1995;45(11):1962-1964.  

24. Tsagalou EP, Anastasiou-Nana MI, Margari ZJ, Vassilopoulos D. 
Possible everolimus-induced, severe, reversible encephalopathy 
after cardiac transplantation. J Heart Lung Transplant. 2007;26(6): 
661-664.  

25. Pless M, Zivkovic SA. Neurologic complications of transplantation. 
Neurologist. 2002;8(2):107-120.  

26. Lamy C, Oppenheim C, Meder JF, Mas JL. Neuroimaging in 
posterior reversible encephalopathy syndrome. J Neuroimaging. 
2004;14(2):89-96.  

27. Arnoldus EP, Van Laar T. A reversible posterior leukoen -
cephalopathy syndrome. N Engl J Med. 1996;334(26):1745; author 
reply 1746.  

28. Gijtenbeek JM, van den Bent MJ, Vecht CJ. Cyclosporine 
neurotoxicity: a review. J Neurol. 1999;246(5):339-346.  

29. Bartynski WS. Posterior reversible encephalopathy syndrome, part 
1: fundamental imaging and clinical features. AJNR Am J 
Neuroradiol. 2008;29(6):1036-1042.  

30. Bartynski WS. Posterior reversible encephalopathy syndrome, part 
2: controversies surrounding pathophysiology of vasogenic 
edema. AJNR Am J Neuroradiol. 2008;29(6):1043-1049.  

31. Schwartz RB, Bravo SM, Klufas RA, et al. Cyclosporine neurotoxicity 
and its relationship to hypertensive encephalopathy: CT and MR 
findings in 16 cases. AJR Am J Roentgenol. 1995;165(3):627-631.  

32. Sanchez-Carpintero R, Narbona J, Lopez de Mesa R, Arbizu J, 
Sierrasesumaga L. Transient posterior encephalopathy induced 
by chemotherapy in children. Pediatr Neurol. 2001;24(2):145-148.  

33. Bartynski WS, Boardman JF. Catheter angiography, MR 
angiography, and MR perfusion in posterior reversible 
encephalopathy syndrome. AJNR Am J Neuroradiol. 2008;29(3): 
447-455.  

34. Apollon KM, Robinson JN, Schwartz RB, Norwitz ER. Cortical 
blindness in severe preeclampsia: computed tomography, 
magnetic resonance imaging, and single-photon-emission 
computed tomography findings. Obstet Gynecol. 2000;95(6 Pt 
2):1017-1019.  

35. Lewis DH, Hsu S, Eskridge J, et al. Brain SPECT and transcranial 
Doppler ultrasound in vasospasm-induced delayed cerebral 
ischemia after subarachnoid hemorrhage. J Stroke Cerebrovasc Dis. 
1992;2(1):12-21.  

36. Naidu K, Moodley J, Corr P, Hoffmann M. Single photon emission 
and cerebral computerised tomographic scan and transcranial 
Doppler sonographic findings in eclampsia. Br J Obstet Gynaecol. 
1997;104(10):1165-1172.  

37. Brubaker LM, Smith JK, Lee YZ, Lin W, Castillo M. Hemodynamic 
and permeability changes in posterior reversible encephalopathy 
syndrome measured by dynamic susceptibility perfusion-
weighted MR imaging. AJNR Am J Neuroradiol. 2005;26(4):825-830.  

38. Engelter ST, Petrella JR, Alberts MJ, Provenzale JM. Assessment of 
cerebral microcirculation in a patient with hypertensive 
encephalopathy using MR perfusion imaging. AJR Am J 
Roentgenol. 1999;173(6):1491-1493.  

39. Burra P, Senzolo M, Pizzolato G, et al. Frontal cerebral blood flow 
is impaired in patients with heart transplantation. Transpl Int. 
2002;15(9-10):459-462.  

40. Coley SC, Porter DA, Calamante F, Chong WK, Connelly A. 
Quantitative MR diffusion mapping and cyclosporine-induced 
neurotoxicity. AJNR Am J Neuroradiol. 1999;20(8):1507-1510.  

41. Singh N, Bonham A, Fukui M. Immunosuppressive-associated 
leukoencephalopathy in organ transplant recipients. 
Transplantation. 2000;69(4):467-472.  

42. Stott VL, Hurrell MA, Anderson TJ. Reversible posterior 
leukoencephalopathy syndrome: a misnomer reviewed. Intern 
Med J. 2005;35(2):83-90.  

43. Dhar R, Human T. Central nervous system complications after 
transplantation. Neurol Clin. 2011;29(4):943-972.  

44. Munoz P, Valerio M, Palomo J, et al. Infectious and non-infectious 
neurologic complications in heart transplant recipients. Medicine 
(Baltimore). 2010;89(3):166-175.  

45. Dreizen S, Bodey GP, McCredie KB, Keating MJ. Orofacial 
aspergillosis in acute leukemia. Oral Surg Oral Med Oral Pathol. 
1985;59(5):499-504. 

46. Acar T, Arshad M. Nocardia asteroides cerebral abscess in a renal 
transplant recipient: short report. Acta Chir Belg. 2002;102(6):470-
471. 

47. Singh N, Avery RK, Munoz P, et al. Trends in risk profiles for and 
mortality associated with invasive aspergillosis among liver 
transplant recipients. Clin Infect Dis. 2003;36(1):46-52. 

48. DeLone DR, Goldstein RA, Petermann G, et al. Disseminated 
aspergillosis involving the brain: distribution and imaging 
characteristics. AJNR Am J Neuroradiol. 1999;20(9):1597-1604.  

49. Donmez FY, Guvenc Z, Emiroglu FK, Coskun M, Haberal M. 
Evaluation of neurological complications in pediatric liver 
transplant recipients: MRI versus CT. J Child Neurol. 2009;24(6):656-
663.



Abstract 
 
Objectives: Liver fibrosis is inevitable in the healing 
process of liver injury. Liver fibrosis will develop  
into liver cirrhosis unless the damaging factors are 
removed. This study investigated the potential therapy 
of Bama pig adipose-derived mesenchymal stem  
cells in a carbon tetrachloride-induced liver fibrosis 
Institute of Cancer Research strain mice model. 
Materials and Methods: Adipose-derived mesenchymal 
stem cells were injected intravenously into the tails of 
mice of the Institute of Cancer Research strain that had 
been treated with carbon tetrachloride for 4 weeks. 
Survival rate, migration, and proliferation of adipose-
derived mesenchymal stem cells in the liver were 
observed by histochemistry, fluorescent labeling, and 
serological detection. 
Results: At 1, 2, and 3 weeks after adipose-derived 
mesenchymal stem cell injection, liver fibrosis was 
significantly ameliorated. The injected adipose-
derived mesenchymal stem cells had hepatic 
differentiation potential in vivo, and the survival rate 
of adipose-derived mesenchymal stem cells declined 
over time. 
Conclusions: The findings in this study confirmed that 
adipose-derived mesenchymal stem cells derived from 
the Bama pig can be used in the treatment of liver 
fibrosis, and the grafted adipose-derived mesenchy -
mal stem cells can migrate, survive, and differentiate 
into hepatic cells in vivo. 

Key words: Animal model, Carbon tetrachloride-treated 
mice, Hepatic differentiation 
 
Introduction 
 
The liver is the largest solid organ in the human body 
and is responsible for multiple, essential functions.1 

Exposure of livers to xenobiotics, drugs, and viruses 
eventually leads to chronic hepatitis and liver 
cirrhosis. These diseases are most likely to cause 
hepatocellular carcinoma, even organ damage, and 
eventually lead to inflammation, fibrosis, and loss of 
an ability of regeneration. More than 450 million 
people will develop cirrhosis as a consequence of 
these diseases, which demonstrates the relevance of 
liver pathologies as causes of mortality and public 
health expenses. 

At present, liver transplant is the best treatment 
for cirrhosis and liver fibrosis. However, the shortage 
of organ donors, huge cost of treatment, and lifelong 
immunosuppression may limit this option. Stem cell 
transplant has been widely used in the treatment  
of liver diseases because of its advantages such  
as abundant source, low immunogenicity, less  
trauma, and simple operation. Stem cell grafting  
is therefore considered an effective alternative  
to the treatment of liver fibrosis.2 Mesenchymal stromal 
cells (MSCs) are easily obtained, are efficiently 
cultured, and can functionally differentiate into 
hepatocytes and therefore provide an effective 
treatment for liver cirrhosis and fibrosis in animal 
models.3 Additionally, ethical and religious concerns 
are not likely because MSCs are obtained by 
autologous transplant. 

Many adipose-derived cell types and experimental 
models have been used to test the efficacy of cell 
therapies for many diseases, such as spinal cord  
injury, neurodegenerative disease, autoimmune 
diseases, and metabolic diseases, leading to divergent 
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results on the actual role of adipose-derived 
mesenchymal stem cells (ADSCs) as a new treatment 
alternative.4-7 

In this study, we used the carbon tetrachloride 
(CCl4)-induced model of liver fibrosis to investigate 
the effect of Bama pig ADSC transplant on liver 
function in mice with hepatic fibrosis. Our objective 
was to open a new direction and theoretical basis for 
the clinical treatment of liver fibrosis. 
 
Materials and Methods 
 
Animals 
Research animals were 6-week-old male mice of the 
Institute of Cancer Research strain. Mice were 
purchased from Beijing HFK Bioscience 
(http://www.labagd.com). All protocols in the 
experiments were in accordance with the relevant 
provisions of the Institutional Animal Ethics 
Committee. 
 
ısolation, culture, and purification of adipose-

derived mesenchymal stem cells 
Adipose tissues were recovered from the visceral 
(omental) region of the pig under aseptic conditions. 
Briefly, the extracellular matrix was dissociated with 
0.1% (mg/mL) type I collagenase (Sigma). After 
centrifugation, the supernatant was discarded and 
the deposits were dissolved in the complete medium. 
When the cells reached 70% to 80% confluence, 
digestion and passage were carried out with 0.125% 
trypsin. The cells are usually homogenous after 3 
passages. 
 
ıdentification of adipose-derived mesenchymal 

stem cells with surface marker detection 
Cells were incubated in the following antibodies 
(from Abcam): CD29 (1:100), CD44 (1:100), CD105 
(1:100), and vimentin (1:100). Then, we stained the 
cells with fluorescein isothiocyanate-conjugated or 
Cy5-conjugated secondary antibodies (Bioss) and 
used a confocal microscope (Nikon model TE-2000-
E) to examine the stained cells. 
 
ıdentification of adipose-derived mesenchymal 

stem cells with reverse transcription-polymerase 

chain reaction 
We used TRIzol reagent (Invitrogen) to obtain RNA 
from cells of passages 4, 14, 20, and 26, and we used 
gel electrophoresis to examine the products. 

ıdentification of adipose-derived mesenchymal 

stem cells with flow cytometry analysis 
We used surface markers and flow cytometry to 
establish the characteristics of the cells. Cells at 
passage 8 were incubated with the following 
antibodies: CD29, CD44, CD105, vimentin, and CD34. 
Cells were washed with phosphate-buffered saline 
and then stained with fluorescein isothiocyanate-
conjugated or Cy5-conjugated secondary antibody. 
For controls, there were no second antibodies. The 
results were obtained by an EPICS-XL flow 
cytometer. 
 
ıdentification of adipose-derived mesenchymal 

stem cells with karyotype analysis 
Cells at passage 8 were treated in a hypertonic 
condition and stained with Giemsa. We used the oil-
immersion technique to examine numbers and shape 
of chromosomes. 
 
Multipotential differentiation of adipose-derived 

mesenchymal stem cells: adipogenic differentiation 

and confirmation 
When the cells reached 70% confluence, we changed 
the medium to adipocyte-inducing medium. Control 
group cells were fed with a DMEM medium. Ten 
days later, the induced cells were stained with Oil 
Red O, and the adipogenic-specific genes for 
lipoprotein lipase (LPL) and peroxisome proliferator-
activated receptor gamma (PPARγ) were detected by 
polymerase chain reaction (PCR). 
 
ınsulin-secreting cells differentiation and 

confirmation 
When the cells reached 80% confluence, the medium 
was replaced with an induced medium with 90% 
Dulbecco’s modified Eagle medium nutrient mixture 
F-12, 10 ng/mL hepatocyte growth factor (PeproTech), 
10 ng/mL activin A (Sigma), 1 mmol/L β-

mercaptoethanol (Sigma), 10 mmol/L nicotinamide, 
and 2% B-27 supplement (Gibco). Control group cells 
were cultured with a complete medium. The insulin 
gene (INS) and the insulin promoter factor gene 
(PDX1) were evaluated by reverse transcriptase-PCR 
(RT-PCR). 
 
Neurogenic differentiation of adipose-derived 

mesenchymal stem cells and confirmation 
When the cells reached 70% confluence, we changed 
the medium to the neurogenic induction medium. 
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Induction was divided into 2 steps. Briefly, in step 1, 
the cells were incubated with the first neurogenic 
induction medium for 7 days. Then, in step 2, the 
cells were incubated with the second neurogenic 
induction medium for 7 days. The cells were 
confirmed by immunofluorescent assays of  
neural markers for the genes for microtubule-
associated protein 2 (MAP2), glial fibrillary  
acidic protein (GFAP), and β-tubulin. The  

neural-specific genes for neurofibromatosis-related 
protein (NF) and MAP2 were examined by  
RT-PCR. 
 
chronic liver fibrosis model in mice and model 

evaluation 
The experimental group mice were treated  
with 200 μL of 10% CCl4 solution twice weekly  

by an intraperitoneal injection, whereas the  
control group mice were injected with 200 μL  

mineral oil in the same form twice weekly.8  
Four weeks later, some mice were used for 
serological tests and immunohistochemical  
assay. Samples of 3 normal mice were set as a  
control group, and the results were set as a normal 
range of the relevant parameter. This range was 
calculated by using the mean values (±2SD) for each 
test. 

To assess the extent of liver fibrosis under the 
enzymatic level, serum alanine transaminase, aspartate 
transaminase, albumin-to-globulin ratio, albumin,  
total protein, and globulin levels were measured. 
Serum was obtained after centrifugation at -80 °C. 
Livers from the experimental group and control  
group were obtained. For the immunohistochemical 
assay, 8-μm liver tissue sections were embedded  

in paraffin and stained with the antibody for  
smooth muscle actin, hematoxylin-eosin, and Masson 
stain. To examine the results, we used a confocal 
microscope (Nikon) and a light microscope  
(Nikon Eclipse model 90i) according to standard 
protocols. 
 
cell labeling with cM-Diı indocarbocyanine dye 
To analyze biodistribution after injection, we used 
CM-DiI indocarbocyanine dye to label the ADSCs 
and injected 1.5 × 107 labeled ADSCs into the 
experimental group.9 Three mice were evaluated at 
1, 2, and 3 weeks after cell injection. We applied  
an immunohistochemical method to detect the 
transplanted cells. 

transplant of adipose-derived mesenchymal stem 

cells to carbon tetrachloride-injured mice of the 

ınstitute of cancer research strain 
For cell transplant, 1.5 × 107 ADSCs (P8) suspended 
in 50 μL of phosphate-buffered saline were injected 

intravenously into mice that were treated with CCl4 

for 4 weeks (n = 30). For control, 50 μL of phosphate-

buffered saline were injected (n = 15). The mice were 
given an additional 1-, 2-, and 3-week injection of 
CCl4 after cell transplant. Animal livers and 
peripheral blood samples were collected at different 
intervals. 
 
ın vivo detection of differentiated adipose-derived 

mesenchymal stem cells 
Adipose-derived mesenchymal stem cells are known 
to differentiate into hepatic cells in vivo. Adipose-
derived mesenchymal stem cells were positive for 
the antibody CD44 and negative for the antibody 
CK18, whereas hepatic cells were positive for the 
antibody CK18 and negative for the antibody CD44. 
We used an immunohistochemistry assay to evaluate 
the differentiated hepatic cells. We used a confocal 
microscope (Nikon) to examine the results, according 
to standard protocols. 
 
Statistical analyses 
We used analysis of variance to analyze the data. We 
used the Tukey-Kramer test to evaluate the statistical 
significance. P < .05 was considered significant. We 
used JMP Software (SAS Institute) to perform all 
statistical analyses. 
 
Results 
 
characterization of mesenchymal stem cells 

derived from pig adipose tissue 
Cells recovered from pig adipose tissue by adherence 
showed a typical characterization of ADSCs, 
especially with regard to the proliferation pattern 
and the phenotype as assessed by cell morphology, 
RT-PCR, flow cytometry, colony-forming units, 
karyotype, immunofluorescence, and multiple 
differentiation potential. 

Primary cells began to adhere to plates and 
extend toward the spindle after 48 hours. Cells 
expanded rapidly, and the transplant reached 90% 
confluence 7 days later (Figure 1). When the cells 
proliferated to passage 28, signs such as 
vacuolization and karyotype began to appear. 
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Passages 4, 14, 20, and 26 were detected by RT-PCR, 
and these were positive for CD29, CD44, CD71, CD73, 
CD90, and CD105 but negative for the endothelial 
marker CD31 (Figure 2). The results of flow cytometry 
showed phenotypic characteristics of homogeneous 
cell populations. The results showed that 81.43%  
of the cells were positive for CD29 (Figure 3A), 88.88% 
of the cells were positive for CD44 (Figure 3B), 18.38% 
of the cells were positive for CD105 (Figure 3C), and 
85.85% of the cells were positive for vimentin (Figure 
3D), whereas CD34 expression was 11.6% (Figure 3E). 
The results of immunofluorescence revealed that the 
ADSCs expressed CD29, CD44, CD105, and vimentin 
(Figure 4). The results of karyotyping showed that 
the number of diploid chromosomes was 2n = 38, 
including a pair of sex chromosomes. There was no 
missing or broken diploid chromosome ploidy 
(Figure 5). 
 

Differentiation potential of adipose-derived 

mesenchymal stem cells 
We evaluated the multipotential differentiation of 
ADSCs by inducing the cells into 3 germ layers. For 
mesoderm, adipogenic differentiation was observed. 
For the ectoderm, neurogenic differentiation was 
observed. For the entoderm, insulin-secreting 
differentiation was observed. There were some lipid 
droplets in adipogenic differentiation, and the results 
were confirmed by Oil Red O staining and RT-PCR 
(Figure 6A and 6B). Insulin-secreting differentiation 
was shown by RT-PCR (Figure 7). Neurogenic 
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Figure 1. Morphology of Adipose-Derived Mesenchymal Stem Cells

Adipose-derived mesenchymal stem cells have a morphology similar to fibroblasts. Scale bars in (A) and (B) are  
50 μm, and scale bars in (c) and (D) are 100 μm. 

Figure 2. Gene Expression Profiles of Fetal Pig Adipose-Derived Mesenchymal 
Stem Cells as Shown by Reverse Transcriptase-Polymerase Chain Reaction

Figure 3. Characterization of a Fetal Pig Adipose-Derived Mesenchymal Stem 
Cells by Flow Cytometry Analysis

Abbreviations: FL1-3, fluorescent light channels 1-3 
(A) CD29 (81.43%), (B) CD44 (88.88%), (c) CD105 (18.38%), (D) vimentin 
(85.85%), and (e) CD34 (11.6%).



differentiation was detected by RT-PCR and 
immunofluorescence (Figure 8). 
 

Adipose-derived mesenchymal stem cell transplant 

decreased carbon tetrachloride-induced chronic 

fibrosis in mouse livers 
To discover whether the transplanted ADSCs could 
mitigate liver injury, we compared the histological 
difference of liver tissue in transplanted and 
nontransplanted CCl4-treated mice. As shown in 
Figure 9, the mice without transplant showed more 
severe fibrous liver dysfunction compared with 
normal mice. After transplant of ADSCs, mice with 
liver injury showed reduced vacuolar degeneration. 

Using immunohistochemistry, we found out that 
necrosis caused by CCl4 treatment was mitigated by 
ADSC injection. Staining with Masson stain and 
hematoxylin-eosin showed that the transplant of 
ADSCs could ameliorate CCl4-induced fibrous 
deposition (Figure 9A). 

Serological analysis showed that the transplanted 
cells significantly improved the impaired liver 
function (Figure 9B). Colorimetric assays showed 
that injection of the cells remarkably reduced 
aspartate transaminase, alanine transaminase, the 
albumin-to-globulin ratio, albumin, total protein, and 
globulin content and collagen production in the 
CCl4-damaged liver tissues. In brief, these results 
suggested that cell transplant may inhibit CCl4-
induced fibrous deposition and may have antifibrotic 
and anti-inflammatory functions. 
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Figure 4. Immunofluorescent Staining: Adipose-Derived Mesenchymal Stem 
Cells at Passage 19

Figure 5. Normal Chromosome Structure and Morphology of Fetal Pig 
Adipose-Derived Mesenchymal Stem Cells at Passage 10.2 (n = 38)

Figure 6. Adipogenic Differentiation of Mesenchymal Stem Cells

Figure 7. Insulin-Secreting Cell Differentiation of the Adipose-Derived 
Mesenchymal Stem Cells

Abbreviations: DAPI, diamidinophenylindole 
In vitro, cytoplasm was stained with antibodies to CD29, CD44, CD105,  
and vimentin. Nuclear material was counterstained with DAPI. Scale  
bars = 50 μm. 

(A) Ten days after induction, cells at passage 15 were positive for Oil Red O; 
scale bar = 100 μm. Ten days after induction, adipose-derived mesenchymal 

stem cells were magnified under a microscope; scale bar = 25 μm. Ten days 

after induction, cells were positive for Oil Red O; scale bar = 25 μm. (B) 

Specific genes for LPL and PPARγ were detected by reverse transcriptase-
polymerase chain reaction in the induced group. 

(A) Induction of 2-week adipose-derived mesenchymal stem cells at passage 
15; scale bar = 100 μm. (B) The specific genes for insulin (INS) and insulin 

promoter factor (PDX1) were detected by reverse transcriptase-polymerase 
chain reaction in the induced group. 
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Figure 8. Neurogenic Differentiation of the Adipose-Derived Mesenchymal Stem Cells

Figure 9. Evaluation of the Recovery From Liver Failure

Abbreviations: DAPI, diamidinophenylindole 
(A) Immunofluorescence assay of the induced adipose-derived mesenchymal stem cells. (B) Reverse transcriptase-
polymerase chain reaction showed the expression of neurogenic cell-specific genes. 

Abbreviations: ADSCs, adipose-derived mesenchymal stem cells; A/G, albumin/globulin ratio; ALB, albumin; ALT, 
alanine transaminase; AST, aspartate transaminase; GLOB, globulin; TP, total protein 
(A) To assess the effect of ADSCs in fibrosis, we used Masson stain and hematoxylin-eosin to analyze liver samples 
after transplant for 1, 2, and 3 weeks. (B) Immunohistochemical analysis of ALT, AST, GLOB, ALB, and TP expression. 
All results showed that ADSCs could ameliorate liver fibrosis.



Distribution of adipose-derived mesenchymal stem 

cells after intraportal transplant 
We analyzed a group of 3 mice at 1, 2, and 3 weeks 
after transplant. Injected cells were confirmed by 
immunohistochemistry (Figure 10). One week after 
transplant, 50% of the cells were observed on each 
slide. We observed that most cells were around the 
portal vein, although we also observed aggregated 
cells. After 2 weeks, only 20% of cells were observed 
in the liver slices. After 3 weeks, the number of cells 
dropped to 5% (Figure 10A). We did not detect the 
cells in the vascular system, and this may be because 
these cells were not integrated into the parenchyma. 
 
Adipose-derived mesenchymal stem cells 

differentiated into hepatic-like cells in injured liver 

To test whether ADSCs were able to differentiate into 
hepatic-like cells after injection into the injured liver, 
we incubated liver samples with pig-specific 
antibodies to CD44 and CK18 (Figure 10B). We 
compared the number of positive cells to CD44 and 
CK18 in liver tissues of CCl4-injured mice with ADSC 
transplant during 5, 6, and 7 weeks. As presented in 
Figure 4C, after 1 week of infusion, the number of 
CK18-positive cells increased. Over time, the number 
of CK18-positive cells declined at 6 and 7 weeks 

postinfusion, which suggested that the differentiated 
ability of ADSCs decreased over time. 
 
Discussion 
 
We studied the biological characteristics of ADSCs 
and analyzed the transdifferentiated ability of 
ADSCs in the injured liver model. For the first part, 
we displayed the following 2 features of ADSCs: a 
strong ability to self-renew and proliferate, which 
allows these cells to be a valuable resource for cell 
therapy; and the ability to differentiate in vitro into 3 
germ layers including ectoderm, mesoderm, and 
entoderm, which indicates a powerful therapeutic 
potential for these cells,10,11 particularly in paralytic 
stroke, meniscus repair, and myocardial infarction. 
Recently, reports have been published on the ability 
of ADSCs to differentiate into hepatocytes in vitro 
and in vivo. Our results presented here were based 
on these findings.12-15 

Adipose-derived mesenchymal stem cells were 
obtained easily from adipose tissue and demonstrated 
large-scale in vitro proliferation; also, these cells were 
induced into functional hepatic-like cells in an efficient 
manner. All these factors were important in 
regeneration treatments. The differentiated cells can 
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Figure 10. Detection of the Differentiation of Adipose-Derived Mesenchymal Stem Cells

Abbreviations: ADSCs, adipose-derived mesenchymal stem cells 
(A) ADSC cells stained with CM-DiI indocarbocyanine dye were decreased over time. (B) A portion of ADSCs could differentiate into 
hepatocytes in honors. (c) ADSC transplant decreased the expression of tumor necrosis factor-α.



express the specific genes ALB and AFP and can be 
positive for the antibody ALB, with albumin 
production and urea secretion. In addition, the cells 
have a glycogen storage capacity that balances 
glucose in vivo. 

We analyzed the distribution of ADSCs after tail 
vein injection by CM-DiI indocarbocyanine dye 
labeling and immunofluorescence (with pig-specific 
antibodies to CD44 and CK18). At 1, 2, and 3 weeks 
after the transplant, the results showed the 
persistence of injection into the parenchyma of liver, 
whereas the cells remaining in the liver were 
obviously reduced over time, which revealed that 
most ADSCs were removed from the liver. Therefore, 
the reason for failure of cells to enter the liver 
parenchyma may be attributable to the lack of 
adhesion molecules. 

Through immunofluorescence, we observed a 
morphological improvement of the liver after cell 
transplant. Transforming growth factor-β, smooth 

muscle actin, and collagen I staining demonstrated 
the reduction of the injured area. These results 
revealed that these cells could improve liver fibrosis. 
Stem cell therapy has great potential for use in the 
treatment of liver fibrosis and tissue regeneration.16,17 

We also used biochemical assay to analyze the 
therapeutic potential of ADSCs. Parameters such as 
aspartate transaminase, alanine transaminase, 
albumin/globulin ratio, albumin, total protein, and 
globulin declined in the injured group after cell 
injection, showing that ADSCs could regenerate the 
liver. Parekkadan and colleagues stated that engrafted 
ADSCs did not usually differentiate into hepatocytes.18 
To detect the possibility of transdifferentiation in mice, 
we conducted immunofluorescence staining for pig-
specific antibodies CD44 and CK18. Adipose-derived 
mesenchymal stem cells were positive for CD44 
(green), and hepatocytes were positive for CK18 
(red). The results showed that ADSCs could 
transdifferentiate into hepatocytes, but the numbers 
would reduce over time. 

Mesenchymal stem cells have been shown to 
secrete a wide range of chemokines, growth factors, 
and active cytokines and therefore may mediate a 
congenital immune system function and regulate 
liver regeneration in vivo.18-21 Furthermore, MSCs 
have been reported to inhibit proliferation and 
fibrogenesis of activated hepatic stellate cells.18 

Several questions remain. How do the factors 
participate in the recovery of liver injury? How many 

signal pathways are involved during the recovery 
and what are they? Which factors play the main 
function during the recovery? What are the 
differences between cell therapy and tissue self-
recovery? It is clear that further research is required. 

We propose that ADSCs may be a new source of 
adult stem cells. Compared with bone marrow 
MSCs, ADSCs have an advantage because ADSCs 
originate from “waste” tissue. However, more 
analyses are needed before ADSCs may be used as a 
standard alternative source of stem cells; for 
example, further studies are needed to evaluate the 
efficacy of ADSCs for the treatment of disease. We 
evaluated the efficacy of ADSCs in the treatment of 
liver regeneration. First, ADSCs have a selective 
recruitment characteristic and these cells could be 
induced into hepatic-like cells that are positive for 
CK18 in the injured liver. Second, we observed the 
decline of liver enzyme levels, inflammatory factors, 
and recovery of liver fibrosis following infusion  
of ADSCs. Third, we confirmed ADSCs could 
differentiate into hepatocytes in mice, but the 
numbers are reduced over time. However, further 
assessment of the mechanisms is required. In brief, 
the data showed the transplant of ADSCs to be 
functional. However, the mouse liver-infused 
mechanism of donor cells and recipient liver  
cells and the principle of in vivo homing and 
differentiation potential of injected ADSCs are not yet 
fully clear. More work is required to identify the 
cellular and molecular mechanism(s) involved in the 
animal model. 
 
Conclusions 
 
We investigated the effectiveness of Bama pig ADSCs 
on the treatment of CCl4-induced liver fibrosis. The 
mouse liver fibrosis model was successfully induced 
by CCl4 and evaluated by staining with Masson stain 
and hematoxylin-eosin. The characterization and 
pluripotent differentiation of ADSCs were analyzed 
experimentally, and ADSCs can differentiate into 
functional hepatocytes with a high inductive rate.  
At 1, 2, and 3 weeks after ADSC transplant, we 
evaluated liver function by serological test, and the 
results showed that the transplant of ADSCs could 
ameliorate liver injury caused by CCl4. These 
findings offer novel insight regarding the usefulness 
of MSCs as a resource for clinical therapy for liver 
fibrosis. 
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Abstract 
 
Kidney replacement is the best treatment modality  
for chronic renal failure; however, the greatest obstacle 
for transplant is the scarce number of donor organs. In 
the United States and Europe, less than 1% of organs  
for transplant are provided from patients with  
lethal poisoning. In this paper, we present a successful 
kidney transplant from a donor with methanol 
poisoning. A 38-year-old-man who had methanol 
poisoning developed brain stem death after 
unsuccessful treatment and was a candidate to be a 
kidney donor for transplant to a 27-year-old male 
patient with chronic renal failure. Three weeks after 
kidney transplant, the recipient was discharged with 
good kidney function. We suggest that it may be 
possible to consider lethal methanol poisoning for 
kidney donation.  
 
Key words: Chronic renal failure, Extended criteria donor, 
Renal replacement, Renal transplant 
 
Introduction 
 
A main issue for kidney transplant, which is the  

best treatment for chronic renal failure, is organ 

shortage. In the United States and Europe, less  

than 1% of organs for transplant are provided from 
donors after poisoning brain death.1 Here, we 

describe a 38-year-old man with methanol poisoning 

who, after 7 days of unsuccessful treatment for 
methanol poising and who lapsed into a deep  

coma, was referred to our center with diagnosis  

of brain death. A kidney was retrieved from the 
donor. 

Case Report 

 

A 38-year-old man, following ingestion of methanol 

alcohol, presented with blurred vison to a poisoning 

center. After dialysis and treatment, the  

patient developed deep coma and was formally 

diagnosed with brain death. He was referred  

to our organ transplant department. Kidney  

function (acute tubular necrosis) was stabilized,  

and a retrieved kidney was grafted to a 27-year-old 

man with chronic renal failure. Due to proliferative 

glomerulonephritis, he was treated with 3 medicines, 

which included tacrolimus, mycophenolic acid,  

and prednisolone. After 3 weeks, the transplant 

recipient was discharged with creatinine level of  

1.5 mg/dL. 
 
Discussion 
 
Organ shortages remain a problem in kidney 

transplant. In the United States and Europe, brain 

death donors due to poisoning provide less than 1% 

of organs available for transplant.1 There have been 

rare cases of kidney, heart, and pancreas donations 

from brain-dead donors with methanol, cyanide, and 

carbon dioxide poisoning.2 

Kidney transplant from donors with methanol 
poisoning has been reported in the United States, 

Spain, and Belgium.3-7 After absorption in the 

gastrointestinal tract, methanol is changed to  
formate in the liver, which is responsible for the 

toxicity of methanol.8 The first case of a kidney  

donor with methanol poisoning in a recipient with 

long-term kidney function was reported by 

Friedlaender and associates.9 The first renal and 

pancreas transplant in a donor with brain death after 
methanol ingestion was reported by Chari and 

colleagues.10 The recipients did not develop any 

signs or symptoms of methanol poising after 
transplant.11 
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Conclusions 

 

Brain dead donors due to poisoning could be another 

source of organ donations.2 We suggest that organ 

transplant centers consider brain dead patients  

with poisoning for possible organ donation. Donors  

with brain death after methanol poisoning should 

especially be considered for kidney donations. 
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Abstract 
 
En bloc kidney transplant remains a technically 
challenging procedure, especially in pediatric 
transplants. The intra-abdominal approach has been 
the preferred operation for very young children. 
However, the transverse incision could result in more 
abdominal muscle damage and intra-abdominal 
adhesions. If the extraperitoneal approach, which is the 
standard method for adult kidney transplant, could be 
performed in pediatric recipients, then adverse  
effects after a transverse incision could be avoided. A 
30-month-old female recipient (13.1 kg) underwent an 
en bloc kidney transplant from a 36-month-old female 
donor (13.3 kg) who had cardiac arrest of unknown 
origin. The kidneys were retrieved with the en bloc 
technique using a bladder patch. A right Gibson incision 
was made along the lateral fascia of the rectus muscle of 
the recipient to prevent muscle fiber damage. The 
inferior vena cava and aorta of the donor were 
anastomosed to the inferior vena cava and right 
common iliac artery of the recipient, respectively. The 
bladder patch with 2 ureteral openings was directly 
anastomosed to the bladder of the recipient. Urination 
was excellent immediately after the operation. The 
recipient recovered quickly. The total extraperitoneal 
approach is feasible and has some advantages over the 
transverse incision, even in pediatric recipients. 
 
Key words: Abdominal muscle damage, Pediatric kidney 
transplant 
 

Introduction 
 
The results of pediatric kidney transplant have 
improved in the past few decades.1 However, en bloc 
kidney transplant (EBKT) remains a technically 
challenging procedure, especially in pediatric donors 
and pediatric recipients.2 Pediatric patients who are on 
the wait list for kidney transplant have a higher 
probability of transplant from pediatric deceased 
donors because of changes in the allocation system in 
Korea since October 2018. Therefore, the likelihood of 
EBKT from pediatric donors to pediatric recipients 
has increased. Traditionally, transverse incision was 
preferred over midline incision for infants and 
younger children, even though the transverse 
incision could result greater severity of abdominal 
muscle damage.3 Moreover, the transperitoneal 
approach is often selected for EBKT in pediatric 
patients, especially when the patient’s body weight is 
less than 20 kg.4 The transperitoneal approach has 
been considered advantageous, as it allows sufficient 
space for dual kidney grafts. Nevertheless, because 
all kidney transplant procedures are performed in 
the retroperitoneal space, the total extraperitoneal 
approach (as in adult kidney transplant) remains an 
important option by which to reduce the risk of 
muscle injury and other adverse effects such as intra-
abdominal adhesion, bleeding, and delayed 
detection of urinary leakage. 
 
Case Report 
 
This report was approved by the Institutional Review 
Board (approval No. 05-2020-116). 
 
Deceased donor and bench procedure 

A 36-month-old female patient with no medical 
history of disease was referred to the emergency 
room to treat sudden cardiac arrest. The pulse was 
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recovered after resuscitation; however, ischemic 
brain damage was exaggerated, resulting in brain 
death. Her height was 110 cm, and her weight was 
13.3 kg. Only the kidneys were allocated for 
transplant. En bloc kidney grafts were retrieved with 
a bladder patch that included the openings of the 
ureters. The grafts weighed 127 g each. 

We performed the standard bench procedure for 
EBKT. All lumbar arteries were ligated, and the 
upper openings of the aorta and inferior vena cava 
(IVC) were closed with continuous sutures. Ureteral 
openings and remnant bladder tissue removal were 
confirmed. 
 
Recipient profile 
The recipient was a 30-month-old girl under 
peritoneal dialysis for end-stage renal disease of 
unknown origin. She had no other medical diseases, 
except for mild developmental delay. Her height was 
88 cm, and her weight was 13.1 kg. 
 
surgical procedure 

A right Gibson incision was attempted along the 
lateral border of the rectus fascia to prevent muscle 
fiber damage. The retroperitoneal space was secured 
by gentle dissection of the perineum at the medial 
side. The IVC and right common iliac artery were 
dissected for anastomosis. The graft IVC was 
anastomosed to the IVC of the recipient, and the graft 
aorta was anastomosed to the recipient’s right 
common iliac artery. The cold ischemic time was 131 
minutes, and the anastomotic time was 35 minutes. 
Urinary output was observed immediately after 
anastomosis. 

The anastomosis of the bladder patch of the graft 
to the bladder of the recipient was performed by 
inserting a single, double J catheter. The catheter could 
not pass through the other ureteral opening; however, 
the urination was excellent. Therefore, the catheter was 
not forcibly inserted to prevent ureteral injury. 

The total operation took 3.5 hours with an 
estimated blood loss of 150 mL (Figure 1). 
 
postoperative course 
Urination was normal, and the serum creatinine level 
was quickly normalized after transplant (Figure 2). 
Hematuria was observed within 3 postoperative 
days, and hematoma (2.4 cm × 2.2 cm × 4.3 cm) was 
observed in the bladder by ultrasonography. 
Therefore, urokinase (100,000 U mix to 100 mL of 

normal saline) was administered at 30 mL every 4 
hours (without Foley catheter clamping) directly to 
the bladder to resolve the hematoma, which 
disappeared after 5 days. 

However, ascites of unknown origin with mild 
elevation of liver enzyme occurred; therefore, 
ultrasonography-guided ascites aspiration was 
performed. The creatinine level of ascites was very 
low (< 0.1 mg/dL); therefore, urinary leakage to the 
abdominal cavity was ruled out. Liver enzymes also 
decreased thereafter. 
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Figure 1. En Bloc Kidney Transplant Performed Through the Right Gibson 
Incision

A

B

(a) No perfusion defect was observed immediately after the perfusion.  
(B) En bloc kidney after bladder-to-bladder anastomosis. 

Figure 2. Serum Blood Urea Nitrogen and Creatinine Level During Admission

Abbreviations: BUN, blood urea nitrogen; GFR, glomerular filtration rate 
The level quickly normalized after the transplant and was maintained.



Doppler ultrasonography and mercaptoacetyl -
triglycine kidney scans were performed to evaluate 
the graft (Figure 3). The perfusion and spectral  
wave were within the normal range on Doppler 
ultrasonography, and the uptake and excretion were 
also within the normal range in the mercaptoacetyl -
triglycine kidney scan. 
 

Immunosuppressants 
We used the standard steroid-based immunosup -
pressant protocol, including basiliximab induction 
(10 mg on the day of operation and on postoperative 
day 4), tacrolimus, and mycophenolate mofetil. 
Tacrolimus (0.1 mg/kg every 12 h) and corticosteroid 

(2 mg/kg) were started 1 day before transplant, and 
mycophenolate mofetil was started after fasting  
and then discontinued postoperatively. Diltiazem  
(2 mg/kg), a calcium channel blocker, was also 
administered to prevent vascular spasm intrao -
peratively and to increase the tacrolimus level. 
 
Discussion 
 
A pediatric en bloc kidney graft compared with an 
adult living donor kidney for adult recipients has 
been shown to result in similar positive outcomes.5 

However, EBKT from pediatric donor to pediatric 
recipient is still considered a “marginal” transplant 
procedure because of the technical complexity, and 
special considerations for pediatric recipients must 
be considered; such potential complications are 
absent in these procedures for adult recipients.2 

Surgeons prefer the transverse incision for 
younger patients because the shape of the abdomen 
of younger children is circular compared with the 
oval shape of adults. Therefore, the transperitoneal 
approach is the preferred method for surgical 
visibility.3 In contrast, the extraperitoneal approach 
is the standard incision technique for kidney 
transplant in adult recipients.6 Because the vessels 
and bladder for transplant are all located in the 
extraperitoneal space, the extraperitoneal approach 
enables surgeons to avoid the risks of adhesion or 
intra-abdominal organ injuries. These observations 
tell us that, if we have access to sufficient space to 
locate the graft in the extraperitoneal cavity in 
pediatric recipients, then the peritoneal cavity need 
not be opened. According to our experience, the 
space was sufficiently larger than the space made 
through an intra-abdominal approach. Moreover, we 
expect this approach to provide a better view for 
graft biopsy. 

We had always thought that the transperitoneal 
approach was better than the extraperitoneal 
approach in pediatric patients. Therefore, we 
performed all EBKT procedures on pediatric 
recipients using the transperitoneal approach. The 
transperitoneal approach has a benefit in native 
nephrectomy, which is frequently requested by 
pediatric nephrologists. However, in this case, there 
was no need for nephrectomy because the patient did 
not have a typical pediatric body shape, and the 
longitudinal distance was sufficient. Therefore, we 
chose the extraperitoneal approach. 
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Figure 3. Serum Blood Urea Nitrogen and Creatinine Level During Admission

(a) The spectral wave was normal, and the resistive index ratio was within 
the normal range on Doppler ultrasonography. (B) The perfusion and 
excretion of radioactive material were easily observed in the 
mercaptoacetyltriglycine kidney scan. 

A

B
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Another advantage of the total extraperitoneal 
approach was observed in this case. Large volume 
ascites of unknown origin occurred after drain 
removal; however, the ascites was not caused by 
kidney grafts because the grafts were totally 
separated by the peritoneal membrane, as confirmed 
in the ascitic fluid analysis. If transverse incision had 
been made as usual, then the drain could not have 
been removed until the complete disappearance of 
ascites. 

However, surgeons should remain aware that 
pediatric kidney recipients have a higher risk of other 
concurrent abdominal diseases, which could increase 
the likelihood of other types of abdominal surgeries 
during their lifetimes.4 Therefore, the intra-abdo -
minal cavity must be preserved, intact without 
adhesion, if possible. 

In conclusion, the total extraperitoneal approach 
for pediatric EBKT to a pediatric recipient is a feasible 
surgical procedure without increasing the surgical 

difficulty. Furthermore, the method is more advan -
tageous than the intra-abdominal approach. 
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Abstract 
 
Pure red cell aplasia is a relatively rare disease 
characterized by selective suppression of erythroid 
precursors in the bone marrow. This disease can also 
develop secondary to several other diseases and as a 
side effect of certain drugs. Tacrolimus, a potent 
immunosuppressant, is widely used in organ trans -
plant. Several cases of pure red cell aplasia due to 
tacrolimus administration in organ transplant recipients 
have been reported. Here, we report a case of reversible 
pure red cell aplasia that developed during tacrolimus 
therapy following living-donor liver transplant. The 
patient, a 1-year-old girl diagnosed with progressive 
familial intrahepatic cholestasis type II, underwent 
living-donor liver transplant when she was 10 months 
old. She was started on 3 immunosuppressants 
posttransplant: tacrolimus (0.1 mg/kg/day twice  
daily), mycophenolate mofetil, and prednisolone  
(0.2 mg/kg/day). One year after transplant, she 
developed severe progressive anemia. Her hemoglobin 
concentration was extremely low (5.4 g/dL). A bone 
marrow biopsy revealed severe hypoplasia of the 
erythroblasts with no abnormality of other myelocytes. 
These findings were suggestive of pure red cell aplasia; 
we suspected that tacrolimus had caused this based on 
similar previous cases of tacrolimus-associated pure  
red cell aplasia. Accordingly, tacrolimus was switched  
to cyclosporine after this diagnosis. One week after  
this switch, the patient’s red blood cell counts, 
reticulocytes, and hemoglobin concentration increased. 
Although tacrolimus is considered to have no 
significant potential for myelosuppression, cases of 
tacrolimus-related pure red cell aplasia have occurred. 
In patients who develop pure red cell aplasia during 
tacrolimus treatment following living-donor liver 

transplant, clinicians should consider switching from 
tacrolimus to another immunosuppressant. 
 
Key words: Anemia, Hypoplasia, Immunosuppression 
 
Introduction 
 
Pure red cell aplasia (PRCA) is a relatively rare 
disease characterized by selective suppression of 
erythroid precursors in the bone marrow. Pure red 
cell aplasia is clinically manifested by normocytic, 
normochromic anemia, low red blood cell (RBC) 
counts, normal leukocyte and thrombocyte counts, 
and lack of erythroblasts in the bone marrow. This 
disease can also develop secondary to lymphoma, 
thymoma, viral infection, malignancy, rheumatoid 
disease, and drug side effects. Some medications, 
such as diphenylhydantoin, azathioprine, and 
isoniazid, have been suspected to cause PRCA.1 

Tacrolimus, a potent immunosuppressant, is 
widely used in organ transplant, but its hematologic 
toxicity has not been adequately evaluated. There 
have been previous reports of PRCA due to 
tacrolimus administration in organ transplant 
recipients.2-5 Here, we report a case of reversible 
PRCA that developed during tacrolimus therapy 
following living-donor liver transplant. 
 
Case Report 
 
Written informed consent had been obtained from 
the parents of the patient. The patient, a 1-year-old 
girl diagnosed with progressive familial intrahepatic 
cholestasis type II, underwent living-donor liver 
transplant when she was 10 months old. The  
blood typing was identical, and recovery was 
uneventful. She was started on 3 immunosuppressants 
post transplant: tacrolimus (0.1 mg/kg/day twice 
daily), mycophenolate mofetil, and prednisolone  
(0.2 mg/kg/day). Her blood tacrolimus levels 
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remained in the normal range (5-10 ng/mL) 
throughout treatment. 

One year after transplant, she developed severe 
progressive anemia. Her hemoglobin concentration 
was extremely low (5.4 g/dL), but leukocyte and 
platelet counts were normal. She was transfused 1 
unit of packed RBCs. After a few days, she was 
admitted to our hospital for diagnostic investigation 
and treatment. Mycophenolate mofetil, acyclovir, 
and sulfamethoxazole trimethoprim were stopped 
because they were suspected to have induced the 
anemia. Her clinical course during hospitalization is 
shown in Figure 1. 

On admission, physical examination showed no 
remarkable abnormal changes except pallor and 
diarrhea. Her hemoglobin concentration was 6.2 g/dL, 
reticulocyte count was 2.6 × 103/μL, and total 

leukocyte and platelet counts were 5100/μL and  

4.2 × 105/μL, respectively. Although the haptoglobin 

level was < 2 mg/dL, a peripheral blood smear 
examination did not indicate hemolysis, and Coombs 
test was negative. Erythropoietin levels were high at  
140 mIU/mL. Serum iron, vitamin B12, and folic acid 
levels were within reference ranges, whereas ferritin 
levels were mildly elevated (226 μg/dL). Parvovirus 

B19 DNA, Epstein-Barr virus, and cytomegalovirus 
tests were negative. Fecal analysis and urinalysis 
showed normal findings. Antinuclear antibodies and 
rheumatoid factor were negative. Chest magnetic 
resonance imaging did not show any tumors such as 
thymoma or lymphoma. 

At 1 month after admission, her anemia did  
not improve, and she needed 2 units of packed  
RBC transfusions every few weeks to maintain a 
hemoglobin concentration of > 8.0 mg/dL. Because 
we suspected that the anemia was caused by  
a bone marrow function disorder, a bone marrow 
biopsy was performed 1.5 months after hospital 
admission. 

The bone marrow biopsy revealed severe 
hypoplasia of the erythroblasts with no abnormality 
of other myelocytes. The findings were suggestive of 
PRCA. We suspected that tacrolimus caused PRCA 
based on similar previous cases of TAC-associated 
PRCA.2-5 Accordingly, tacrolimus was switched to 
cyclosporine after this diagnosis. 

One week after the switch to cyclosporine, RBC 
counts, reticulocytes, and hemoglobin concentration 
increased. She was discharged after a 2-month 
hospitalization. 
 
Discussion 
 
Pure red cell aplasia is a condition in which erythroid 
precursors in the bone marrow are selectively 
suppressed but normal myeloid and megakaryocyte 
maturation results are displayed. Pure red cell 
aplasia can be inherited as a primary hematologic 
disorder or can develop secondary to lymphoma, 
viral infections, malignancy, rheumatoid disease, and 
drug side effects. Diphenylhydantoin, azathioprine, 
and isoniazid have been suspected to cause PRCA.1 

Figure 1. Clinical Course During Hospitalization 

Abbreviations: CyA, cyclosporine; LDLT, living-donor liver transplant; PSL, prednisolone; TAC, tacrolimus 
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Tacrolimus-induced PRCA has also been shown in 
patients after organ transplant. 

Tacrolimus is widely used in organ transplant due 
to its potent immunosuppressant effect. Tacrolimus 
can bind to FK506-binding protein, which is 
expressed on the surface of CD4-positive T cells and 
mediates inhibition of the gene transcription for 
interleukin 2 and other transcription factors essential 
to early T-cell activation. Although tacrolimus is 
considered to have no significant potential for 
myelosuppression, tacrolimus-related PRCA has 
been reported. 

A MEDLINE search for articles in English 
published between 1990 and 2017 yielded only 7 cases 
of tacrolimus-induced PRCA in 4 publications.2-5 The 
main characteristics of the 7 cases are listed in Table 1. 
Two of the 7 patients were children, and 2 were  
male. All patients were administered prednisolone 
with tacrolimus, and tacrolimus was sequentially 
switched to cyclosporine after PRCA diagnosis. All 
patients showed complete recovery of hemoglobin 
levels within a few weeks after the switch. There 
were no noted similarities with regard to tacrolimus 
dosing period, age of PRCA onset, and concomitant 
use of medications other than prednisolone among 
the 7 patients. Tacrolimus concentration was checked 
in 3 patients, with 2 showing levels > 10 ng/mL. 

The mechanism by which tacrolimus causes PRCA 
is unclear, and some cases could not be treated with 
erythropoietin and granulocyte-colony stimulating 
factor. In vitro studies showed that tacrolimus 
concentrations of > 10 ng/mL in 24 hours can 
suppress burst-forming unit-erythroid activity.6 These 
are the earliest committed erythroid progenitors and 
are defined based on their capability to produce  
large colonies of methylcellulose-based erythroid 
cells. The burst-forming unit-erythroid population is 
suppressed by transforming growth factor-beta 
(TGF-β).7,8 Some reports have indicated that 

tacrolimus stimulates TGF-β1 hyperexpression in 

mammalian cells in a dose-dependent manner.9,10 
Increased TGF-β signaling inhibits hematopoiesis at 

the stem cell level and controls RBC differentiation. 
Thus, PRCA may be caused by excessive TGF-β 

production induced by high tacrolimus concentrations. 
In our patient, the tacrolimus blood level was within 
normal range; however, it has been reported that 
tacrolimus blood level may not be a reliable indicator 
of systemic tacrolimus exposure.11 
 
Conclusions 
 
A periodic blood test that includes blood imaging 
should be conducted for patients treated with 
tacrolimus. In patients who develop PRCA during 
tacrolimus treatment following living-donor liver 
transplant, clinicians should consider switching from 
tacrolimus to another immunosuppressant. 
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Abstract 
 
Objectives: Publication in 2013 of the first Secondary 
Cancer cohort study returned attention to liver 
transplant for nonresectable colorectal cancer, 
demonstrating excellent outcomes for a procedure 
that was historically contraindicated. The Wits Donald 
Gordon Medical Centre in Johannesburg, South Africa, 
hosts the largest liver transplant program in sub-
Saharan Africa. The persistent shortage of deceased 
donor organs in our setting has compelled us to 
innovate solutions unique to our context, which allows 
us to perform as many transplants as possible and 
maximize our resource utilization. Therefore, we 
initiated a research study to transplant organs in 
patients with nonresectable colorectal carcinoma with 
expanded criteria using marginal deceased donor 
organs that would otherwise have been discarded. 
Materials and Methods: Institutional Review Board 
approval was obtained for this study. We used criteria 
from the 2013 Secondary Cancer cohort study to 
determine eligibility of patients with nonresectable 
colorectal carcinoma for liver transplant. Unlike the 
study from 2013, we utilized expanded criteria and 
marginal liver allografts for transplant. 
Results: Five patients have undergone liver transplant 
for nonresectable colorectal carcinoma. At a median 
follow-up of 36 months (range, 10-52 months), 4 of the 
5 (80%) patients are alive. The patient who died had 
progressive disease on chemotherapy pretransplant 
and was the only patient who tested positive for the 
Kirsten rat sarcoma viral oncogene homolog mutant. 

Recurrence occurred in all patients at a median time of 
6 months after transplant (range, 3-13 months). 
Conclusions: To our knowledge, this is the only 
published case series of patients undergoing liver 
transplant for nonresectable colorectal carcinoma in 
Africa and is internationally unique in its use of 
expanded criteria and marginal grafts for this type of 
transplant. Despite the use of such grafts in our 
recipients, thus far, these outcomes align with those of 
the 2013 Secondary Cancer cohort studies from 
Norway. 
 
Key words: Chemotherapy, Norwegian Secondary Cancer 
study  
 
Introduction 
 
Historically, liver transplant for colorectal metastases 
was abandoned as a therapeutic option after a series 
of inferior outcomes during the 1990s. At the time, 
most deaths resulted from perioperative com -
plications and were not due to disease recurrence. 
However, over the past 2 decades, both the fields of 
liver transplant and oncology have evolved, and 
today, liver transplant is an established therapeutic 
option for primary carcinomas of the liver and liver 
metastases from neuroendocrine tumors. These 
primary liver carcinomas include hepatocellular 
carcinoma, cholangiocarcinoma, hepatoblastoma,  
and hemangioendothelioma. Secondary carcinomas 
include metastases from neuroendocrine tumors.1 

The recent expansion of oncological indications 
for liver transplant has been facilitated by an overall 
improvement in survival from liver transplant, 
improved diagnostic modalities to determine the 
extent of metastatic involvement of the liver and 
other organs, and improved chemotherapeutic 
agents that allow for effective multimodal treatment 
strategies to enhance patient survival.1 By defining 
stringent inclusion criteria for transplant candidates 
with these types of cancers, a minimum 5-year 
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survival rate of 60% is achievable. Arguably, this 
survival benchmark renders such transplants feasible 
and ethically justifiable but also requires careful 
consideration, given the local and regional circu -
mstances of each transplant program.2 

In 2013, results from the original Norwegian 
Secondary Cancer study (SECA-I) placed liver 
transplant for nonresectable colorectal carcinoma 
(NRCRC) back into the spotlight, challenging the 
transplant community to reconsider the exclusion of 
such patients from transplant.3 The Norwegian 
SECA-I study capitalized on the unusual organ 
donor situation in Norway, where deceased donor 
(DD) organ supply exceeds demand. It was on this 
basis that surplus DD liver grafts were implanted 
into 21 patients with NRCRC who fulfilled specific 
inclusion criteria, although these criteria were 
relatively broad. After transplant, the SECA-I  
cohort demonstrated an overall 5-year survival rate 
of 60% after a median follow-up of 27 months 
(interquartile range, 8-60 months) compared with a 
10% rate of 5-year survival for patients on palliative 
chemotherapy. 

The findings of the SECA-I study provided a basis 
for the Norwegian team to refine the inclusion 
criteria for the second study (SECA-II), which has 
recently shown improved outcomes over SECA-I, 
with a 5-year survival rate of 83% after a median 
follow-up time of 36 months (interquartile range,  
5-60 months). Both SECA studies reported disease 
recurrence after liver transplant; however, the rates 
of recurrence differed substantially. The SECA-I 
study demonstrated a recurrence rate of 90% in 
patients (19/21). With more stringent inclusion 
criteria, recurrence rate in the SECA-II cohort 
dropped to 33% (5/15). Most recurrences were 
resectable pulmonary metastases, and both SECA 
studies demonstrated disease-free survival after 
surgery for recurrent disease. Although the results of 
the SECA-I and SECA-II studies are promising, the 
consensus in the scientific community is that further 
studies in diverse patient cohorts are needed to 
validate these findings before endorsing NRCRC as 
an indication for liver transplant, particularly in 
transplants programs with DD organ shortages.4 

Colorectal cancer (CRC) is one of the most 
common malignancies in high-income countries, and 
approximately half of those affected develop liver 
metastases. In sub-Saharan Africa, the incidence of 
CRC appears to be increasing, but the absence  

of population-based registries prevents us from 
establishing true incidence rates.5,6 In South Africa, the 
most recent report from the pathology-based National 
Cancer Registry confirmed that CRC is the sixth most 
common malignancy in women and the fourth most 
common malignancy in men.7 Approximately 20% of 
South Africans with CRC present with advanced 
disease, primarily in the form of colorectal liver 
metastases.8 For patients with resectable colorectal 
liver metastases, complete resection of the liver 
metastases is the only treatment associated with long-
term survival. Internationally, the 5-year survival rate 
for patients with liver resection is reported at 46% 
versus a 5-year survival rate of 6% without liver 
resection. Moreover, one-sixth of patients can  
expect 10-year survival after resection, if selected 
appropriately. In patients with NRCRC starting  
first-line chemotherapy, 5-year survival rate is 10%, 
and median survival after starting second-line 
chemotherapy is 10 to 12 months.9 

In South Africa, outcomes of metastatic CRC are 
congruent with those reported internationally, with a 
5-year survival rate after liver resection of 57%.8 

However, this survival rate was reported as a subset 
of a larger cohort in which only 23% of patients  
(n = 60) presented with resectable liver metastases. 
The remaining patients (77%; n = 203) presented with 
NRCRC and were treated with chemotherapy alone, 
and the 5-year survival rate was between 10% and 
15%.8 Hence, prognosis for patients with NRCRC is 
dismal, both locally and internationally. 

The Transplant Unit at Wits Donald Gordon 
Medical Centre in Johannesburg, South Africa, was 
established in 2004 and has achieved acceptable 
outcomes over a relatively short time. The most 
recent annual report showed an overall unadjusted 
recipient survival rate at 1 year of 83% (95% CI, 74% 
to 89%) and at 3 years of 75% (95% CI, 65% to 83%). 
In contrast to the organ-replete milieu of the 
Norwegian SECA studies, severe organ shortages 
persist in South Africa, with lower DD rates than most 
other countries with transplant programs. To address 
organ shortages, our transplant unit performs split 
liver grafts whenever possible, and we have 
introduced an adult living donor liver transplant 
program that is still in its early stages. Despite organ 
shortages, two-thirds of our adults on the wait list 
are transplanted within 60 days of listing.10 Although 
these numbers may seem counterintuitive, these 
results may be affected by the lack of access to 
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appropriate specialist care centers, the low referral 
rates for those with end-stage liver disease, and an 
overall relatively low number of transplants in South 
Africa. Although we perform liver transplant for the 
previously mentioned oncological indications, this 
report describes our first experience of liver 
transplant in a case series of South African patients 
with NRCRC. 

In 2016, we were approached by a colleague with 
NRCRC who was eligible for liver transplant 
according to the SECA-I criteria. Given our pervasive 
DD organ shortage and the fact that NRCRC is not 
an established transplant indication, we approached 
our Institutional Review Board for permission to 
perform a transplant for this patient with one 
proviso: we would not compromise wait list status 
of patients with recognized indications for liver 
transplant. The only way we could achieve this would 
be to transplant a DD organ that would otherwise 
have been discarded. After extensive deliberation,  
our Institutional Review Board approved these 
transplants, with the conditions that the staged 
research study was subjected to careful oversight and 
that each recipient was fully aware of the organ 
allocation process.11 We were permitted to undertake 
the first case (approval number M151137), and, after 
providing our results to the Institutional Review 
Board, we subsequently received permission to 
perform a further 4 cases, all of which are detailed  
in the present report. Given our outcomes, our 
Institutional Review Board approved this program 
as an ongoing research study in our Transplant Unit, 
the first of its kind in sub-Saharan Africa. Because 
this was a research project, patients were required to 
undergo a research information process and to 
provide research-related consent, over and above 
standard transplant consent procedures. 
 
Materials and Methods 
 
We used the SECA-I criteria to determine eligibility of 
patients with NRCRC: hepatic-only CRC metastases 
confirmed by magnetic resonance imaging, computed 
tomography scan, and fluorodeoxyglucose positron 
emission tomography scan; prior resection of the 
primary tumor; completion of, at least, first-line 
chemotherapy; and fulfillment of the standard criteria 
for liver transplant at our center. At the time of the 
transplant procedure, repeat computed tomography 
scans of chest and abdomen were performed to 

exclude interval development of extrahepatic 
malignant disease. 

At the time of transplant, standard immuno -
suppression was administered and comprised 
intraoperative methylprednisolone and, from post -
transplant day 1, combination oral prednisone, 
mycophenolate mofetil, and tacrolimus (targeted to 
levels 10-15 μmol/L, for the first 6 weeks after 

transplant). Tacrolimus was then substituted for 
everolimus (targeted to levels of 5-8 μmol/L), and 

oral corticosteroids were withdrawn within 6 
months. Patients who received an ABO incompatible 
(ABOi) allograft additionally underwent a course of 
plasma exchange until the relevant isoagglutinin 
levels were less than a ratio of 1:4, and this was 
followed by 2 doses of rituximab, 1 week apart. The 
study protocol conformed to the ethical guidelines of 
the 2013 Declaration of Helsinki. 
 
Results 
 
patient overview 
Five patients who met the inclusion criteria 
underwent liver transplant for NRCRC in this series. 
An overview of patient demographics and clinical 
profiles can be found in Table 1. The median time 
from resection of the primary tumor to transplant 
was 14 months (interquartile range, 5-53 months). 
According to the TNM Classification of Malignant 
Tumors standard for stages of a primary tumor, 4 of 
the 5 patients had T3 tumors. One patient was staged 
as T0, after completion of first-line chemotherapy. In 
all 5 patients, the liver metastases were diagnosed at 
the same time as, or within 12 months of, the primary 
colorectal tumor, hence designated as synchronous 
lesions. 
 
Donor overview 
All of the liver allografts for this series were procured 
from deceased adult donors. No living donor 
allografts were used. South African has an “opt-in” 
policy for organ donation, and consent was obtained 
for the donor next-of-kin in all cases. All donors were 
diagnosed with brainstem death, as donation after 
circulatory death is not widely practiced in South 
Africa. 
 
Clinical outcome 
At a median follow-up of 38 months (range, 10-54 
months), 4 of the 5 patients (80%) were alive (Figure 1). 
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The patient who died had progressive disease on 
chemotherapy pretransplant and was the only 
patient who tested positive for the Kirsten rat 
sarcoma viral oncogene homolog (KRAS) mutant. 
Prior to transplant, this patient had undergone 2 liver 
resections complicated by bleeding, which made the 
assessment of extrahepatic disease at the time of 
transplant difficult. The patient subsequently 
developed rapid recurrence of disease and died 10 
months after transplant. 
 

Colorectal cancer recurrence after transplant 
Recurrence of CRC occurred in all patients at a 
median time of 6 months after transplant (range, 3-13 

months). Pulmonary recurrence occurred in 3 
patients, of which 2 had subsequently undergone 
pulmonary resections and are presently free of 
disease. The remaining patient is on chemotherapy. 
One patient developed paraaortic lymph node 
recurrence, as detected on routine computed 
tomography scan, and is presently undergoing 
chemotherapy. 
 
Discussion 
 
To the best of our knowledge, this is the only 
published case series of patients undergoing liver 
transplant for NRCRC in Africa. Despite the use of 
organs that would otherwise have been discarded, 
thus far, the outcomes we achieved align with those 
in the SECA studies from Norway. 

It is notable that 2 of our recipients received a 
marginal graft (one graft was retrieved from a  
75-year-old donor, and the other graft showed more 
than 40% macrovesicular steatosis). The remaining 3 
recipients received ABOi grafts, and all 3 of these 
recipients were alive at the time of writing. 
Additionally, none of the recipients of an ABOi graft 
has developed antibody-mediated rejection. 

In many Asian countries, ABOi living donation 
has been a successful alternative to DD donation in 

table 1. Patient Demographics and Clinical Profile

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 

Age 62 67 36 59 35 
Sex Male Male Male Male Female 
Primary tumor  
     Locatıon Sigmoid Rectum Rectum Colon Sigmoid 
     TNM stage T0, N0 T3, N0 T3, N0 T3, N1 T3, N2 
     Interval to transplant, mo 5 53 5 14 31 
     KRAS Wild Wild Wild Mutant Wild 
Chemotherapy  
     1st line FOLFOX FOLFOX + Bev FOLFOXIRI + Bev FOLFOX FOLFOX + Cetux 
     2nd line FOLFIRI + Cetux FOLFIRI + Bev FOLFIRI + Cetux FOLFIRI + Bev Capecitabine + Cetux 
     3rd line Capecitabine  
     Response Yes Yes Yes No Yes 
     CEA at transplant 14 356 1 4 8 
Liver resection No No No Yes × 2 Yes × 2 
RFA or SIRT RFA and SIRT RFA 
Hepatic tumor  
     No. of lesions 15 3 5 10 8 
     Diameter largest, cm > 5 < 5 > 5 > 5 > 5 
     Time Sync Sync Sync Sync Sync 
     Fong score12 4 3 3 4 4 
Liver graft type Deceased Deceased Deceased Deceased Deceased 
ECD Type 75-yr-old donor ABOi > 40% steatosis ABOi ABOi 

Abbreviations: ABOi, ABO incompatible; Bev, bevacizumab; CEA, carcinoembryonic antigen; Cetux, cetuximab; ECD, expanded criteria donor (ie, a deceased 
donor graft that increases the risk of early graft failure, or inferior graft and recipient survival compared with an ideal graft); FOLFIRI, folinic acid, fluorouracil, 
and irinotecan combination regimen; FOLFOX, folinic acid, fluorouracil, and oxaliplatin combination regimen; FOLFOXIRI, folinic acid, fluorouracil, 
oxaliplatin, and irinotecan combination regimen; Fong score,12 a clinical score for predicting recurrence after hepatic resection for metastatic colorectal cancer; 
KRAS, Kirsten rat sarcoma viral oncogene homolog; RFA, radio-frequency ablation; Sync, synchronous lesion (liver metastases diagnosed at the same time or 
within 12 months of the primary colorectal tumor); SIRT, selective internal radiation therapy; TNM, the TNM Classification of Malignant Tumors standard for 
stages of a primary tumor  

Figure 1. Survival of Nonresectable Colorectal Carcinoma Orthotopic Liver 
Transplant

Abbreviations: DFS, disease-free survival; NRCRC, nonresectable colorectal 
carcinoma; OLTx, orthotopic liver transplantation; Txp, transplant  
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the face of extreme DD shortages. Antithetically, 
countries such as the United States discourage ABOi 
transplants because outcomes may not be equivalent 
to ABO-compatible transplants, and this may also 
reflect a clinical practice attuned to a more readily 
available pool of compatible DD grafts. Moreover, 
the United States has the capacity to rapidly procure 
matching DD organs across a sharing network 
supported by excellent infrastructure. 

In our setting, given the proviso that we only use 
grafts that would otherwise be discarded, ABOi DD 
transplant is a likely consequence for our patients 
with extended oncological indications for liver 
transplant, such as NRCRC. 

In this small proof-of-concept case series, survival 
exceeded that of palliative chemotherapy. Going 
forward, we plan to adapt our program to fit the 
SECA-II inclusion criteria, and we will continue to 
carefully monitor our outcomes. Ultimately, we hope 
that this strategy, as well as the use of selection criteria 
like those used in transplant for hepatocellular 
carcinoma, cholangiocarcinoma, and neuroendocrine 
metastases, may provide long-term survival com -
parable to standard indications for liver transplant. 
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Abstract 
 
Lung toxicity is a rare but serious side effect of 
sirolimus, a mammalian target of rapamycin inhibitor 
used as an immunosuppressive agent in solid-organ 
transplant recipients. We report a case of 67-year-old 
man who had living-related renal transplant 12 years 
previously that was complicated by chronic allograft 
dysfunction. He presented with fever, cough, and 
shortness of breath, and his chest imaging showed 
bilateral patchy and ground glass opacities. Before 
symptoms of lung toxicity, the patient’s sirolimus levels 
were in the range of high normal. Bronchoalveolar 
lavage ruled out infection, and a transbronchial biopsy 
was inconclusive. A fluorodeoxyglucose positron 
emission tomogram scan showed high uptake in the 
area of lung opacities with a standard uptake value of 
4.7. His symptoms improved after he was switched from 
sirolimus to tacrolimus, and a thoracic computed 
tomography scan after 6 weeks showed complete 
resolution. Pulmonary toxicity should be considered 
in any patient on sirolimus with respiratory symptoms 
and opacities on chest imaging. The role of 
fluorodeoxyglucose positron emission tomogram scan 
in evaluation of sirolimus-induced lung toxicity has 
not been previously described, and this is the first 
report of this type of scan finding indicating intense 
inflammation in this condition. 

Key words: Computed tomography scan, FDG-PET scan, 
Pneumonitis, Transplant 
 
Introduction 
 
Sirolimus is a potent immunosuppressive agent that 
works as a mammalian target of rapamycin (mTOR) 
inhibitor. It is widely used in solid-organ transplant 
recipients to prevent graft rejection and to avoid 
possible side effects associated with other immuno -
suppressive therapies.1 However, there have been 
rare but serious pulmonary adverse events reported 
that are related to sirolimus use.2,3 The patient 
usually presents with dry cough, fever, and 
dyspnea.4 Chest imaging does not show any specific 
pattern. It may include interstitial changes and areas 
of patchy or ground-glass opacities. The diagnosis is 
made after exclusion of infection, autoimmune, and 
toxic causes. Treatment is mainly discontinuation of 
sirolimus. Reducing the dose of sirolimus concomitant 
with use of steroids has shown success in resolving 
the pneumonitis. The role of fluorodeoxyglucose 
positron emission tomogram (FDG-PET) scans in the 
assessment of sirolimus-induced lung toxicity has 
not been described in the literature. 

We report a case of sirolimus toxicity with its 
clinical and radiological features, diagnostic work-
up, FDG-PET features, and management. 
 
Case Report 
 
A 67-year-old man, who had living-related kidney 
transplant donated from his daughter for end-stage 
renal disease due to diabetes and hypertension 12 
years previously, presented with fever, cough, and 
exertional dyspnea. He was initially prescribed 
tacrolimus and mycophenolate; however, because of 
complications of chronic allograft dysfunction, 
tacrolimus was changed to sirolimus. His sirolimus 
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levels had been stable until a few weeks before 
presentation, when levels were at a higher therapeutic 
range. 

On examination, he had tachypnea and his 
oxygen saturation was 87% breathing room air. 
Auscultation of chest revealed basal fine crackles. 
Laboratory data showed normal white blood cell 
count but elevated C-reactive protein. A chest 
radiography and computed tomography (CT) scan 
showed multiple areas of ground glass and patchy 

densities (Figure 1A). Sputum culture was negative. 
Empirical broad-spectrum antibiotics did not show 
clinical or radiological response. An FDG-PET scan 
showed increased uptake in the area of lung opacities 
with standard uptake value of 4.7, indicating intense 
inflammation (Figure 2). 

Bronchoscopy, bronchoalveolar lavage, and 
transbronchial biopsy were performed. Cell count  
in lavage fluid showed 54% neutrophils, 12% 
lymphocytes, 14% monocytes, 3% eosinophils, and 

Figure 1. Computed Tomography Scan Results

(a) Lung opacities. (B) Resolved lung opacities after sirolimus discontinuation.

Figure 2. Fluorodeoxyglucose Positron Emission Tomogram Results

(a) Axial view, showing fluorodeoxyglucose uptake in the areas of lung opacities (arrows). (B) Coronal view.
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5% lining cells. The fluid was negative for bacterial, 
fungal, and mycobacterial cultures. Cytology was 
negative for malignant cells, and special stains for acid 
fast bacillus and fungus were negative. There was no 
evidence of virus cytopathy. Bronchoalveolar lavage 
aspergillus galactomannan test was negative. No 
evidence of virus or atypical bacteria was observed by 
multiplex polymerase chain reaction. A serum  
TB-QuantiFERON test was nonreactive. Possibility  
of posttransplant lymphoproliferative disorders  
was suggested, but there was no evidence on 
transbronchial biopsy. Transbronchial biopsy showed 
alveolated lung tissue with infiltration of foamy 
macrophages and no evidence of malignant cells. 
Epstein-Barr virus by in situ hybridization was 
negative. 

Serum sirolimus level was 8.5 ng/mL (therapeutic 
range, 4-11.9 ng/mL). Sirolimus levels in the  
weeks preceding admission for symptoms of lung  
toxicity were in the range of high normal (Figure 3A). 
After infections were ruled out, he was diagnosed  
to have sirolimus-induced lung injury. Sirolimus  
was discontinued and switched to tacrolimus.  
The patient continued to show clinical improvement, 
and his oxygen saturation became normal.  
On follow-up after 6 weeks, the patient was 
asymptomatic. A chest CT scan showed complete 
resolution of lung opacities (Figure 1B), and  
C-reactive protein level returned to normal  
(Figure 3B). 
 
Discussion 
 
Sirolimus is a potent immunosuppressive agent used 
in solid-organ transplant recipients. It is produced by 
a strain of Streptomyces hygroscopicus and is an mTOR 
inhibitor.5 It is also an inhibitor of antigen-induced 

proliferation of T cells and B cells and blocks the 
activation of specific protein kinase, causing arrest of 
cell cycle in G1 phase. It has antiatherogenic and 
antineoplastic characteristics that promote 
immunologic tolerance, reducing the incidence of 
chronic allograft nephropathy. The lack of acute or 
chronic nephrotoxicity has given this drug an 
advantage over calcineurin inhibitors. The most 
common side effects of sirolimus are hyperlipidemia 
and myelosuppression, but other side effects such as 
impaired wound healing, edema, thrombotic 
microangiopathy, and pneumonitis have been 
reported.6 Although rare, sirolimus can cause serious 
pulmonary toxicity. Patients usually present with 
nonspecific symptoms, including fever, cough, 
shortness of breath, and fatigue. 

There are no specific radiologic and pathologic 
findings in sirolimus lung toxicity.7 Chest imaging 
features of ground glass and interstitial opacities 
have been described. Lung biopsy features of 
organizing pneumonia, interstitial pneumonitis, focal 
necrotizing vasculitis, and nonspecific granulomatous 
inflammation have also been shown. Bronchoalveolar 
lavage is mostly lymphocytic, and it is a useful 
procedure to rule out infection.8 

The diagnosis is mostly of exclusion, and clinical 
and radiological improvement after discontinuation 
of drug is confirmatory.9 There is no role of steroids 
in sirolimus lung toxicity except in patients who 
develop diffuse alveolar damage. 

Several risk factors have been speculated in the 
development of lung toxicity, including initial loading 
dose, late switch to sirolimus, recent increase in dose, 
serum level, allograft dysfunction, hypervolemia, 
older age, male sex, and concomitant immunosup -
pressive treatment.10 There is no relation to the 
duration of sirolimus use. 

Figure 3. Sirolimus (a) and C-Reactive Protein (B) Levels



The pathophysiological mechanism of pneumonitis 
is not well understood. It is thought that an 
autoimmune response probably plays a part. In 
addition, delayed hypersensitivity and idiosyncratic 
mechanism may have roles in some patients.11 

The role of FDG-PET scan in the assessment of 
patients with suspected sirolimus lung toxicity has 
not been reported. A high standard uptake value on 
FDG-PET scan can indicate intense inflammation in 
lung parenchyma and may explain high levels of C-
reactive protein. 
 
Conclusions 
 
Pulmonary complications of sirolimus should be 
considered in any patient with solid-organ transplant 
on sirolimus who presents with respiratory symptoms 
and chest imaging abnormalities, especially interstitial 
and ground glass opacities. An FDG-PET scan may 
play a role in identifying pneumonitis induced by 
sirolimus. 
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Dear Editor: 
 
The ex vivo lung perfusion (EVLP) procedure has 

emerged and established itself as a safe and reliable 

method for the reconditioning of marginal lung 

grafts. Many clinical centers worldwide have 

reported the successful and valuable application of 

this procedure.1 Preclinical studies have continued 

further investigations and refining of the technology. 

One of the main points of discussion and controversy 

is the nature of the used perfusate, whether it  

should be whole blood, acellular perfusate, or a 

mixture of red blood cells and acellular perfusate. 

Although each point of view has advantages and 

disadvantages, some published studies and unpub -

lished observations have reported a significant 

benefit of the use of whole blood over red blood cells 

or acellular perfusates.2,3 This commentary explores 

the applicability, rather than the evidence-based 

significance, on the human level.  

In general, the blood could be obtained from the 

donor, from matching donated blood, or from the 

recipient. Perhaps it could be possible to obtain blood 

for perfusion from the brain-dead donor before graft 

excision, while the donor is on support devices. This 

would allow the blood to contain  the important 
supporting hormones and mediators that resist 

and/or improve the graft edema.4 However, in 

practice, this would be challenging as brain-dead 

donors are usually multiorgan donors, where the 
lungs are the last to be recovered, and the perfusion 

technique aims to maintain flow of 40% to 100% of 

the estimated cardiac output, depending on the 

applied protocol. In addition, the blood would also 

contain large amounts of inflammatory cytokines 

and death signals that could lead to deterioration  

of the graft instead of improvement. Although 

preclinical animal studies have reported a significant 

improvement with this method, the used blood was 

collected from “healthy” animal donors that were 

“killed” through collecting their blood (shock). In 

addition, post transplant results with regard to this 

practice are scarce, thus not fully supporting or 

ruling out the questioned effects.  

The next option could be the use of donated 

matching blood, which would mean exposing the 

marginal graft and its stimulated resident leukocytes 

to the plasma of another individual followed by the 

new host. A matter that may matter! 

The last option could be the use of the recipient’s 

own blood. For this, there are 2 important concerns. 

First, whether the clinical status of the terminally ill 

patient would allow that. If yes, this could lead to the 

2nd concern; exposing the marginal graft to the 

immune discrepancy of the new host before any 

reconditioning, which might not be a good idea. 

Therefore, although the use of the acellular perfusates 

has already achieved outstanding clinical results, the 
benefits of the whole blood perfusate should be 

further investigated. In addition, and if its application 

would be recommended, the above-mentioned 

technical alerts should be considered during the 

conduction of the clinical studies. 
In 2014, an emerging EVLP protocol was 

described.1 This protocol advised the use of an 
acellular (supplemented) perfusate. However, with 

regard to the use of whole blood perfusion, the 

following considerations were advised: (1) the EVLP 

should run for at least 4 hours; (2) during the first 2 

hours, donor blood together with a cytokine filter 
could be used; and (3) after graft conditioning has 
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been established, the recipient’s blood could be used 

for the other 2 hours, to allow for a pretransplant 

graft/host degree of adaptation or at least controlled 

prediction of the interaction. Because the reported 

superiority of whole blood perfusion has been 

ascribed to multiple hormones in the plasma, 

especially during shock,4-8 supplementation of an 

acellular perfusate with those hormones may 

provide the same clinical benefits, without the 

exposure to any other possible hazard.9-11 
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Abbreviations
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so it is acceptable to abbreviate it as ECG or EKG (after it is spelled out on 
first use). However, spell out words if there is any possible ambiguity. This will 
help clarify your manuscript on morphine sulfate kinetics in multiple sclerosis 
patients with severe mitral stenosis.

For additional information on proper use of medical abbreviations, refer to 
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pages consecutively, with the Title Page as page 1. Type the page number in 
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Abstract
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 1. Objectives

 2. Materials and Methods

 3. Results

 4. Conclusions

Nonstandard abbreviations, references, and footnotes should not be used. 
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Main Text
The text of original articles should follow the Abstract and include the 
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References, Tables, and Figure Legends. Figures, themselves, must be uploaded 
as separate files.
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with the Guide for the Care and Use of Laboratory Animals published by the 
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more than 6, in which case the names of the first 3 authors are used, followed 
by “et al.” Rainer S, Thomas D, Tokarz D, et al. Myofibrillogenesis regulator 
1 gene mutations cause paroxysmal dystonic choreoathetosis. Arch Neurol. 
2004;61(7):1025-1029.

Book Chapters: Solensky R. Drug allergy: desensitization and treatment of 
reactions to antibiotics and aspirin. In: Lockey P, ed. Allergens and Allergen 
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be accompanied by a brief double-spaced Table legend. The text within the 
Table should also be double-spaced. Each Table must be cited in consecutive 
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following the word "Table." Place a horizontal line below the legend, below 
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symbols (eg, *, †, ‡, §, ||, ¶, #, **, ††, ‡‡) to designate footnotes. The footnotes 
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the author must obtain written permission from the publisher and the original 
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legend. Below each Table, provide a key with the abbreviations used in that 

Table, followed by its meaning, for example: “ECG, electro-cardiogram; MMF, 
mycophenolate mofetil.”

FIGURES
Number Figures as Figure 1, Figure 2, and refer to all of them in the text. 
Figures must be created with a computer program and submitted in their 
original formats. Legends and notes should be included in the article file 
and NOT in the Figure itself. Below each Figure, provide a key with the 
abbreviations used in that Figure, followed by its meaning, for example: “ECG, 
electrocardiogram; MMF, mycophenolate mofetil.” Upload Figures separately 
from the text (Figure files should not be integrated with the text files). 

Vector graphics exported from a drawing program should be stored in EPS 
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Guidelines for Electronically Produced Figures/
Illustrations
For production of the Figures/Illustrations of an accepted manuscript, the 
Baskent University production department requires electronically produced 
Figures to be saved in EPS (Encapsulated PostScript), PDF (Portable Document 
Format), or TIFF (Tag Image File Format) format. Most drawing programs (eg, 
Adobe Illustrator, Deneba Canvas, CorelDraw) have a save-as-EPS option in 
their Save dialog box. Other information about EPS can be found at the Adobe 
Web site.
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for reproduction.
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Figure Legends
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material is used, authors must obtain written permission from the publisher to 
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All permission releases must be submitted to the Editor at the time of 
manuscript submission.

GALLEY PROOFS
Proofs will be sent to the author (corresponding /first-named) by PDF for 
final proof reading and appropriate corrections and should be returned via 
Manuscript Central within 48 hours of receipt. Major changes such as deleting, 
shortening, amending sentences, Figures and Tables in the manuscript are not 
acceptable. Only minor corrections (eg, typesetting errors) will be considered 
without extra cost.

OFFPRINTS 
Orders for offprints may be placed in the appropriate form accompanying the 
corrected proofs, or by contacting the Editorial Office
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